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A COMPREHENSIVE ANALYTICAL MCDEL OF
ROTORCRAFT AERODYNAMICS AND DYNAMICS

Part I1: User's Manual

Wayne Johnson

Ames Research Center
and
Aeromechanics Laboratory
AVRADCOM Research and Technology Laboratories

SUMMARY

The use of a comprehensive analytical model of rotorcraft
aerodynamics and dynamics is described. This analysis is designed
to calculate rotor performance, loads, and noise; the helicopter
vibration and gust response; the flight dynamics and handling
qualities; and the system aeroelastic stability. The analysis is
a combination of structural, inertial, and aerodynamic models, that
is applicable to a wide range of problems amd a wide class of
vehicles., The analysis is intended for use in the design, testing,
and evaluation of rotors and rotorcraft, and to be a basis for
further development of rotary wing theorles. This report describes
the use of the computer program that implements the analysis.



1. PROGRAM SUMMARY

The computer program calculates the loads and motion of helicopter
rotors and airframe. First the trim solution is obtained; then the flutter,
flight dynamics, and/or transient behavior can be calculated. Bither a

new job r n be initiated, or further calculations can be performed for an
old Jjob.

Fer a new job, the input consists of block data or an input file
(the program can create the input file from the block data), and airfoil
files. Then namelists are read for additional data, particularly case-
specific inputs. One or more cases can be run for a new job.

For an old job, the input consists of a restart file (written during
the execution of a previous job), and namelists. Only one case can be run
for an 0ld job. The job can be resumed either at the point where the trim
solution was completed, or it can be resumed in one of the subsequent tasks.
For a trim restart, any or all of the other tasks can be initiated. For
flutter, flight dynamics, or transient restarts, only that task can be done.

For both new and old jobs, a scratch file is usually needed; and the
Job may write data on the restart file. In the flutter and flight dynamics
‘asks, eigenvalue data may be written on a file,

For both new and o0ld jobs, a case namelist is always read to
define the job, and a trim namelist 1s read to define the flight condition
and analysis tasks. Component and task namelists may be read as required.

The loads and motion solution is obtalned by an iteratlve process.
The inner-most loop consists of the rotor and airframe motion calculation,
for prescribed control positions, induced velocity distribution, and mean
shaft motion. Convergence of the motion solution is determined by comparing
the calculated harmonics every few revolutions. The next loop consists of
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the uniform or nonuniform rotor-induced velocity calculation, followed

by the motion solution. Convergence is determined by comparing the rotor
thrust or circulatlion used to calculate the induced velocity with that
resulting after the motion has been re-calculated. Before beginning the
circulation and motion iteratlons, the blade bending and torsion modes are
calculated. If the rotor nonuniform induced velocity is used, there is
an additional cutar loop, consisting of calculation of the rotor wake
influence coefficients followed by the circulation and motion iterations.
To calculate the influence coefficients, the prescribed or free wake geometry
must be evaluated. Having completed the motion solution, the performance,
loads, vibration, and noise can be evaluated as required.

The trim analysis proceeds in stages., In the first stage the trim
solution is obtained for uniform inflow; in the second and third stages the
trim solution is obtained for nonuniform inflow, with prescribed or free
wake geometry respectively. The analysis can stop at any of these stages.
Within each stage, the aircraft controls and orientation are incremented
until the equilibrium of forces required for the specified trim state is
achieved.

In the flutter analysis, the matrices are constructed that describe
the linear differential equations of motion, and the equations are analyzed.
Optionally the equations are reduced to just the aircraft rigld dody
degrees of freedom (by a quasistatic reduction), and the equations are
analyzed as for the flight dynamics task. .

In the flight dynamics analysis, the stabllity derivatives are
calculated and the matrices are constructed that describe the linear differential
equations of motion. These equations are analyzed (optionally including
a numerical integration as for the transient analysis),

In the transient analysis, the rigid body equations of motion are
numerically integrated, for a prescribed transient gust or control input.
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2. SUBPROGRAM FUNCTIONS

The following pages 1list the subprograms that cons. .ute the
analysis, and state the primary function of each subprogram. Only the
subprograms for rotor #1 are listed; the subprograms for rotor #2 have
identical functions.

Subprogras

Nanme

MAIN Frimary job and analysis control
TIMER Program timer

INPIN Input for new job

INPTO Input for old job

INPTAL Read airfoil table file

INPIR1 Read rotor namelist

INPTW1 Read wake namelist

INPIB Read body namelist

INPTL1 Read loads namelist

INPTF Read flutter namelist for new job
INPTS Read flight dynamics namelist for new job
INPIT Read transient namelist for new jodb
INPIG Read flutter namelist for old job
INPTU Read flight dynamics namelist for old job
INPTV Read transient namelist for old job
FILEI Read or write input file

FILEJ Read or write trim data file

FILER Read or write restart file

FILEF Read or write flutter restart file
FILES Read or write flight dynamics restart file
FILET Read or write transient restart file
FILEE Write eigenvalue file

INIT Initialization

INITA Injitialize environment parameters
INITC Initialize case parameters

INITR1 Initlalize rotor parameters

INITB Initialize airframe parameters
INITE Initialize drive train parameters
CHEKR1 Check for fatal errors



Subprogram
Name

PRNTJ
PRNTC
PRNT
PRNTR1
PRNTW1
PRNTB
PRNTF
PRNTS
PRNTT
PRNTG

TRIM
TRIMI
TRIMP

FLUT

FLUTB
FLUTR1
FLUTI1
FLUTA1
FLUTL

STAB

STABM
STABD
STABB
STABL
STABP

TRAN
TRANI
TRANP
TRANC
CONTRL
GUSTU
GUSTC

PERFR1

Print job input data

Print case input data

Print trim input data

Print rotor input data

Print wake input data

Print body input data

Print flutter input data

Print flight dynamics input data

Print transient input data

Print transient gust and control input data

Trim
Calculate trim solution by iteration
Print trim solution

Flutter

Calculate flutter matrices

Calculate flutter aircraft matrices

Calculate flutter rotor matrices

Calculate flutter inertia coefficlients

Calculate flutter aerodynamic coefficlents

Analyze flutter constant coefficlent linear equatlons

Flight dynamics

Calculate flight dynamics stability derivatives and matrices
Print stability derivatives

Calculate flight dynamics equations

Analyze flight dynamics linear equations

Print flight dynamics transient solution

Transient .
Calculate transient acceleration for numerical integration
Print transient solution

Calculate transient gust and control

Calculate transient control time history

Calculate uniform gust time history

Calculate convected gust wave shape

Pexrformance
Calculate and print rotor performance



Subprogranm
Name

LOAD
LOAIR1
LOADHL
LOADS1
LOADIt
LOADF
LOADM
GEOMP1
POLRFP
HISTFPP
NOISR1
BESSEL

MODE1
MOIEC1
MOIEB1

MOTEA1
MOIET1
MOIEX1
MODED1
INRTC1
MOIEP1

BODYC
ENGNC
MOTNC1
BODYM1
ENGNM1

WAKEU1
WAKEN1

INRTM1
INRTI
MOTNH1

MOTNR1
MOTNB1
AEROF1
AEROS1
AEROT1

BODYV1
ENGNV1
MOTNF1

BODYF
BODYA

Loads, vibration, and noise

Calculate
Calculate
Calculate
Calculate
Calculate
Calculate

and print rotor loads

and print hub and control loads

apd print blade section loads

inertia coefficlents for section loads
fatigue damage

mean and half peak-to-peak

Printer-plot of wake geometry
Printer-plot of polar plot
Printer-plot of azimuthal time history

Calculate
Calculate

Calculate

and print far fleld rotational noise
J Bessel function

rotor/airframe periodic motion and forces

Blade modes
Initialize blade mode parameters

Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate

blade bending modes

Galerkin functions for bending modes
articulated blade flap and lag modes
blade torsion modes

kinematic pitch-bending coupling
blade root geometry

blade inertia coefficlents

Print blade modes

Initialize airframe parameters at trim
Initialize drive train parameters at trim
Initialize rotor perameters at trim

Calculate
Calculate

Calculate
Calculate

Calculate
Calculate
Caiculate

Calculate
Calculate
Calculate
Calculate

airframe transfer function matrix
drive train transfer function matrix

uniform wake-induced velocity
nonuniform wake-induced velocity

rotor transfer function matrix
inverse of transfer function matrix
harmonics of hub motion

harmonics of rotor motion

blade and hub motlon

blade aerodynamic forces

blade section aerodynamic coefficlients

Interpolate airfoll tables

Calculate
Calculate
Calculate
Calculate
Calculate
Calculate

harmonics of alrframe motion
harmonics of drive train motion
rotor generalized forces

static elastic motion

airframe generalized forces
body aerodynamic forces
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Subprogram
Nane

WAKEC1
WAKEB1
VTXL
VTXS

GEOME1
GEOMR1
GEOMF1

MINV
MINVC
BIGENJ

DERED

QSTRAN
CSYSAN

DETRAN
SINE
STATIC
ZERO
ZETRAN
BOIE
BCIEFP
TRACKS

TRCKPP
GUSTS
PSYSAN

DEPRAN

Calculate influence coefficients for nonuniform inflow
Calculate blade position

Calculate vortex line segment induced velocity
Calculate vortex sheet segment induced velocity

Evaluate wake geometry
Calculate wake geometry distortion
Calculate free wake geometry distortion

Calculate inverse of matrix
Calculate inverse of complex matrix
Calculate eigenvalues and eigenvectors of matrix

Eliminate equations and variables from system of differential
equations

Quasistatic reduction of system of linear differential equations

Analyze system of constant coefficient linear differential
equations

Transform equations to state variable form

Calculate frequency response from matrices

Calculate static response from matrices

Calculate zeros

Transform matrix for zero calculation

Calculate and printer-plot transfer function (Bode plot)

Printer-plot transfer function magnitude and phase

Calculate and printer-plot time history of time-invariant
system response

Printer-plot time history

Calculate and print rms gust response

Analyze system of perlodic coefficlent linear differential
equations

Transform equations to state varlable form



3. NAMELIST, FILE, AND COMMON BLOCK LABELS

The list below gives the - i. list labels used by the program,
and the type of input data read in each., The corresponding common block

labels are given in the right-hand column,

Namelist

Label

NLCASE Job data

NLTRIM Trim data

NIRTR Rotor data

NLWAKE Wake data

NLBODY Airframe and drive train data
NLLOAD Loads data

NLFLUT Flutter data

NLSTAB Fligh* dynamics data
NLTRAN Tra.sient data

The 1list below gives the files used by the program.

Common Block
Label

TMDATA
R1DATA
G1DATA,W1DATA

BDDATA ,BADATA ,ENDATA

LADATA,L1DATA

FLDATA
STDATA ,GCDATA
TNDATA ,GCDATA

The left-hand

column gives the input parameter that defines the file unit number.

Unit

Number

NFDAT Input data

NFAF1 Rotor #1 airfoil data
NFAF2 Rotor #2 airfoil data
NFRS Restart data

NFEIG Eigenvalue data
NFSCR Scratch data

The 1list below gives the labels of the commsn blocks used by
the program, and states the type of data contained in each. Cnly the
common blocks for rotor #1 are listed; the common blocks for rotor #2

have identical functions.



Common Block
Label

TMDATA
R1DATA
W1DATA
G1DATA
BDDATA
BADATA
ENDATA
L1DATA
LADATA
GCDATA
TNDATA
STDATA
FLDATA
A1TABL
UNITNO
CASECM

TRIMCM
RTRICM
RHICM

BODYCM
ENGNCM
GUSTCM
CONTCM
CONVCM
MDICM

INCICM
WKViCM
MNH1CM
AES1CM
MNR1CM
MNSCM

AEF1CM
QR1CM

QBIDCM

WGICM

WKC1CM

AEMNCM
LDMNCM
FIMCM

FLM1CM
FLMACM
FLINCM
FLAECM
STDCM

STMCM

TRANCM

Input trim data

Input rotor data

Input wake data

Input free wake geometry data
Input airframe data

Input airframe aerodynamics data
Input drive train data

Input rotor loads data

Input airframe loads data
Input gust and control data
Input transient data

Input flight dynamics data
Input flutter data

Rotor airfoil tables
Input/outpuc unit numbers

Job description

Calculated trim data

Calculated rotor data

Transfer function matrices
Calculated airframe data
Calculated drive train data

Gust and transient control
Aireraft controls and motion
Circul=cion and motion convergence
Blade modes

Rotor inertial coefficlients
Induced velocity

Hub motion

Blade section aerodynamics

Rotor motion and airframe vibration
Static elastic motion

Rotor forces

Rotor generalized forces

Alrframe generalized forces

Wake geometry

Wake influence coefficlents

Calculated motion data

Calculated loads data

Flutter matrices

Flutter rotor matrices

Flutter airframe matrices

Flutter inertial coefficlents
Flutter aerodynamic coefficients
Flight dynamics stability derivatives
Flight dynamics matrices

Calculated transient data
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I, PROGRAM SKELETON

The following pages present a schematic of the program, showing
the basic flow of control and the major loops, options, and decisions.
The appearance of a subprogram name (always in capital _etters) means
that the subprogram is called at that point in the analysis. The contents
of a subprogram are shown by means of a three-sided box appearing below
the subprogram nsme., The schematic defines the input and output structure
of the program. Timer calls and trace-debug prints are also shown.
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MAIN

FRNTJ
for JCASE = 1 to NCASES

read namelist NLCASE
if new job and BLKDAT > O

TIME (for FILEID

DATE éfor FILEID§
FILEI (irput file write)

TIMER (initialize)
TIMER
DATE (for IDENT)
TIME (for IDENT)
if new job
INPTN
INIT

INITA
INITC
INITR1
INITR2
INITB
INITE
CHEKR]
CHEKR2

if old jodb
INPTO

PRNTC
if new job or trim re.cart
TRIM
FILEJ (trim data scratch file write)
1° ANTYPE(1) # 0 or flutter restart
FLUT
TILEJ (trim data scratch file read)
if ANTYPE(2) # O or flight dynamics restart
STAB
FILEJ (trim data scratch file read)
if ANTYPE(3) # O or transient restart
TRAN
TIMER
TIMER (print)
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INPTN

FILEI (input file read)

read namelist NLTRIM

if OPREAD(1) # 0
INPTR1

read namelist NIRTR

if OPREAD(2) # 0
INPIW1

read namelist NLWAKE

if OPREAD(3) # 0
INPTR2

[read namelist NLRTR

if OPREAD(4) #£ 0
INPIW2

read namelist NIWAKE

if OPREAD(5) # 0
INPTB

read namelist NLBODY

1f OPREAD(6) # 0
INPTL1

|read namelist NLLOAD

if OPREAD(?) # 0
INPTL2

h:ead namelist NLLOAD

if OPREAD(8) # 0
INPTF

read namelist NLFLUT

if OPREAI9) # 0
INPTS

|read namelist NLSTAB

if OPREAD(10) # O
INPTT

read namelist NLTRAN

if first case
INPTA1L

[read airfoil #1 file

INPTA2

|read airfoil #2 file

-12-
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INPTO
FILER (restart file read)

TLEI

TLEJ

ILEF flutter restart
TLES flight dynamics restart
ILET transient restart

read namelist NLTRIM
if OPREAD(6) # O
INPTLA

|read namelist NLLOAD

if OPREAD(?7) # 0
INPTL2

read namelist NLLOAD

if OPREAD(8) # O
INPTF

read namelist NLFLUT trim restart
INPTG
read nmamelist NLFLUT flutter restart

if OPREAD(9) # O
INPTS

[read namelist NLSTAB trim restart
INPTU
[read namelist NLSTAB flutter or flight dynamics restart

if OPREAD(10) # O .
INPTT

read namelist NLTRAN trim restart
INPTV
|read namelist NLTRAN transient restart




TRIM

TIMER
if trim restart, go to restart entry point

uniform inflow

if ITERU £ 0
TRIMI
if NPRNTT = 1
PERF
LOAD

nonuniform inflow, prescribed wake geometry
for IT = 1 to ITERR

WAKEC1

WAKEC2

TRIMI

if IT = multiple NPRNTT
PERF
LOAD

nonuniform inflow, free wake geometry
for IT = 1 to ITERF

WAKEC1
WAKEC2
TRIMI
if IT = multiple NPRNTT
PERF
1OAD
FILER (restart file write)
FILEI
FILEJ
trim restart entry point
PRNT
PRNTC
if NPRNTI # O
PRNTR1
PRNTW1
PRNTR2
PRNTW 2
PRNTB
MOIEP1
MODEP2
TRIMP
PERF
LOAD
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ORIGINAL

: PAGE 15
O POOR QuaLipy
wﬂ#‘ir T »
- TRIMI -
o — e e o
> RAMF
if MTRIM € 0 or no trim iteration, return
if DEBUG(4) 3 1, print irim iteration
for COUNTT = 1 to MTRIM
if COUNTT-1 = multiple MTRIMD, construct D-1
for I =1 to MT
increment controls OPTRIM
RAMF
MINV
increment controls CPTRIM
RAMF
if DEBUG(4)> 1, print trim iteration
test trim convergence EPTRIM,CPTRIM
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104D

ﬁ;m
} 1. AIR1
* JAIR2
[ﬂxm
LOAIR1
¥ )TNB1
¢+ * MALOAD ¥ 0
GEOME1
HISTPP
GEOMP1
FOLRPP
HISTPP
Af MHLOAD # ©
LOADMY
LOAIM
LOAIF
|HISTPP
for IR = 1 to MRLOAD
LOADS1
LOADT+
0’ a4
LOADF
HISTPP
for IN = 1 to MNOISE
NISR1

lBISSEL
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FLUT

TIMER
for OPFLOW X 0 (constant coefficients)
if flutter restart, go to restart entry point
FLU™
FILEF {restart file write)
flutter restart entry point
PRNTF
MOTEP1
MODEP2
FLUTL

TIMER

CSYSAN

FILEE (eig:nvalue file write)
BODE

TRACKS

GUSTS

TIMER

if OPFDAN # 0
STABD
STABE

for OPFFLOW > 0 (periodic coefficients)
for NT = 0 to MPSIPC

1f NT = MPSIPC
FILEE (eigenvalue file write)

RSWRT # 0O

ANTYPE(1) # O

ANTYPE( 22
ANTYPE(3

0
£0
ANTYPE(4) # O
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FLU™

MOIE1
MOIE2
FLUTR1
FLUTR2
FLUTB

[BoDYF

FLUTR1

NB = NBLAIE if OFFLOW > 0, {1 if CPFLOW = 0, MPSICC if OPFLOW < O
for JPSI = 1 to NB

FLUTI1

FLUTA1

for IR = 1 to MRA
AEROS1
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STAB

TIMER
PRNTS
if flight dynamics restart, go to restart entry point
STABM

for ID =1 to0 21
increment controls or motion
for IT = 1 to ITERS
WAKEC1
WAKEC2
RAMF
FERF
LOAD

FILES (restart file write)
flight dynamics restart entry point

STABD
STABE
TIMER
STABE
for IBQ = 1 to 12
DERED
STABL
TIMER
CSYSAN
FILEE (eigenvalue file write)
BODE
TRACKS
GUSTS
numerical integration
MINV
STABP
PRNTG
for IT = 1 to TMAX/TSTEP
TRANC
CONTRL
GUSTU
GUSTC
if IT = multiple NPRNTT
STABP
TRCKPP
TIMER

-19-

LEVEL(1 g 21
LEVEL(2)> 1

NPRNTP > O
NPRNTL > 0

RSWRT # 0

EQTYPE(IEQ) # O

ANTYPE(1) A O

ANTYPE( 2
ANTYPE(3
ANTYPE( 4+
ANTYPE( 5

S A &
[oNo RN

OPTRAN
OPTRAN
CPTRAN

L .
N



TRAN

TIMER
PRNTT
PRNTG
if transient restart, go to restart entry point
MINV
TRANP
for IT = 1 to TMAX/TSTEP
TRANC
CONTRL OPTRAN = 1
GUSTU OPTRAN = 2
GUSTC OPTRAN = 3
TRANI
for IT = 1 to ITERT
WAKEC1 LEVEL(lg 21
WAKEC2 LEVEL(2) 3 1
RAMF
if IT = multiple NPRNTT
TRANP
PERF NPRNTP > 0
LOAD NFRNTL > 0
if IT = multiple NRSTRT
FILET (restart file write) RSWRT # 0
transient restart entry point
TRCKFP
TIMER

20~



RAMF

TIMER
BODYC
MCTNC1
MOIE1
BCDYM1
|INRTI
MOTNC2
MODE2
BODYM2
INRTI
for COUNTC = 1 to ITERC (circulation iteration)
WAKEU1
WAKEN1
WAKEU2
WAKEN2
for COUNTM = 1 to ITERM (motion iteration)
INRTM1
INRTI
INRTM2
INRTI
ENGNC
ENGNM1
{INRTI
ENGNM2
INRTI
for JPSI = 0 to MREV * MPSI by MPSIR (% 1loop)
MOTNH1
MOTNR1
MOTNH2
MOTNR2
BODYVL
ENGNV1
MOTNF{
BODYV2
ENGNV2
MOTNF2
MOTNS
test motion convergence EPMOTN
test circulation convergence EPCIRC
BCDYF
BODYA
TIMER
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MOIE1

TIMER

MOIEC1

if A® > EPMOIE
MOIEB1

MODEG
MINV
EIGENJ

MODEA1
MOIEK1
MOIED1

MOIET1

MINV
EIGENJ
INRTC1
TIMER

MOTNR1

TIMER

MOTNB1
AEROF1

for JP = JPSI+1 to JPSI+MPSIR (¥ step)

for IR = 1 to MRA

AEROS1

AEROT1

—

TIMER

~22-
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HINGE = 2



PAGE IS

{GINAL
O POOR QUALITY
WAKEC1
GEOMR1
TIMER
GEOMF1 LEVEL = 2
TIMER
TIMER
WAKEB1 IBV 3 0.
GEOME1 BV 3 0.
for I = 1 to MPSI (¥ loop)
WAKEB1
WAKEB2 IN'IOW(3) = 3
for M = 1 to NBLADE (blade loop)
GEOME1
VTXL
for K = 1 to KFW or KDV (§ loop)
GEOME1
VTXL
VTXS
TIMER
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CSYSAN

DETRAN
EIGENJ
SINE
STATIC
ZERO

[ZETRAN
EIGENJ

BODE

DETRAN
EIGENJ
ZERO
ZETRAN

EIGENJ
BODEPP

e ————.

TRACKS

JETRAN
EIGENJ
MINVC

TRCKPP

GUSTS

[DETRAN
EIGENJ
MINVC

PSYSAN

*-
DEPRAN

EIGENJ
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5. JOB STRUCTURE

In this section the structure of a job to run the program is

defined. The basic structure consirc's of the following ste s:

1) File definition as required for job

2) Block data load for airframe and each rotor

3) Main program call

L) Namelist &NLCASE

5) Namelist &NLTRIM (for each case)

6) Component and task namelists as required
File definition parameters:

a) RET =T Erase file at logoff
b) DISP = NEW New file tc be created
c) DISP = OLD Existing file

Sample jobs are presented below,

New job, 2 cases; trim analysis; dlock data irput, basic namelist input,
same airfoil table for both rotors

DDEF FT50F001, ,SCRATCH, DISP=NEW,RET=T
DIEF FTL41F0Q01,,AIRFOIL,DISP=0LD
LOAD HELA; 1CAD HELR1; 1OAD HELR2
CALL MAINPROG
&NLCASE JOB=0,NCACES=2,RSWRT=0,BLKDAT=-1,
NFAF1=41 ,NFAF2=U41 ,NFSCR=50,NFRS=-1 ,NFEIG=-1,
&END
&NLTRIM VKTS=x,,.0Ll=x,,LATCYC=x,,LNGCYC=x,,PEDAL=x.,APITCH=x.,AROLL=x.,
ANTYPE=3*0 ,0PREAD=10%0,
&END
&NLTRIM data for se~ond case,XEND
%END
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New job, 1 case; trim, flutter, flight dynamics, and trancient analysis;
block data input, all namelist inputs, different airfoil table for each
rotor; write elgenvalue file

DDEF FT50F001, ,SCRATCH, DISP=NEW ,RET=T

DIEF FT41F001,,AIRFOIL1,DISP=OLD

DDEF FT42F001,,AIRFOIL2, DISP=OLD

DDEF FT45FO001, ,EIGEN, DISP=NEW
LOAD HELA; LOAD HELR1; LOAD HELR2

CALL MAINPROG

&NLCASE JOB=0,NCASES=1,RSWRT=0,BLKDAT=-1,
NFAF1=41 ,NFAF2=U42 ,NFSCR=50,NFRS=-1 ,NFEIG=45,
&END

&NLT ..M VKTS=x.,
CO0LL=x.,LATCYC=x.,LNGCYC=x. ,PEDAL=x, ,APITCH=x. ,AROLL=Xx.,
ANTYPE=3%1 ,OPREAD=10%1,

&END

&NIRTR data,&END

&NINAKE data,&END

&NLRTR data,&END

&NLVAKE data,&END

&NLBODY data ,&END

&NLLOAD data,&EnD

&ENLLOAD data ,&END

&NLFLUT data,&END

&NLSTAB data,&END

&NLTRAN data .&END
¥END

New job, 1 case; trim analysis; block data input and write irput file

DDEF FTSOF001,,SCRATCH,DISP=NEW ,RET=T
DDEF FT41F001,,AIRFOIL,DISP=0LD
DDEF FT40F001, , INPUT, DISP=NEW
LOAD HELA; 10AD HELR1i; LOAD HELR2
CALL MAINPROG
&NLCASE JOB=0,NCASES=1,RSWRT=0,BLKDAT=1,
NFAF{=l41 ,NFAF2=U41 ,NFSCR=50 ,NFRS=-1 ,NFEIG=-1 , NFDAT=L0,
&END
&NLTRIM data,&END
%END
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New job, 1 case; trim analysis; read input file

DIEF FT50F001, ,SCRATCH, DISP=NEW ,RET=T

DIEF FT%#1F001,,AIRFOIL,DISP=OLD

DDEF FT&OF001, , INPUT,DISP=0LD

CALL MAINPROG
&NLCASE JOB=0,NCASES=1,RSWRT=0,BLKDAT=0,ROFILE=1,
NFAFi=41,NFAF2=41 ,NFSCR=50,NFRS=-1 ,NFEIG=-1 ,NFDAT=40,
&END
ZNLTRIM data,&END

%END

New job, 2 cases; trim and flutter analysis; write restart file

DIEF FT50F001,,SCRATCH, DISP=NEW ,RET=T

DDEF FT4{FO001,,AIRFOIL,DISP=0LD

DIEF FTU4F001, ,RESTART1 , DISP=NEW

DDEF FTH4F002, ,RESTART2, DISP=NEW

LOAD HELA; 1OAD HELR1; 1OAD HELR2

CALL MAINPROG
&NLCASE .JOB=0,NCASES=2,RSWRT=1,BLKDAT=-1,
NFAF1=l41 ,NFAF2=i41 ,NFSCR=50 ,NFEIG=-1,NFRS=l},
&END
&NLTRIM data for first case,
ANTYPE=1,0,0,0PREAD(8)=1,
&END
&NLFLUT data,&END
&NLTRIM data for second case,&END
&NLFLUT data,&=ND

%END

01d Jjob; trim restart with flutter aralysis

DIEF FTS50F001,,SCRATCH,DISP=NEV,RET=T
DDEF FTUL4F001, ,RESTART, DISP=OLD

CALL MAINPROG

&NLCASE JOB={,RSWRT=1,START=1,
NFSCR=50,NFEIG=~1 ,NFRS=U4,

&END

&NLTRIM ANTYPE=1,0,0,0PREAD(8)=1,
&END

&NLFLUT data,&END
BEND
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01d job; flutter restart

DIEF FTS0F001,,SCRATCH, DISP=NEW ,RET=T
DDEF FTU4FO001, ,RESTART, DISP=OLD

CALL MAINPROG

&NLCASE JOB=1,RSWRT=0,START=2,
NFSCR=50, NFRIG=-1 , NFRS=4X,

&END

ANLTRIM OPREAD(8)=1,

&END

&NLFLUT data,&END
%END

-28-



6. INPUT DESCRIPTIGCN

In this section the input varlables for the program are defined.
The variables are catagorized according to the namelist that reads them.
The program namelist labels are listed in the table below.

Namelist

Label

NLCASE Job data

NLTRIM Trim data

NLRTR Rotor data

NLWAKE Wake data

NLBGDY Airframe and drive trailn data
NLLOAD Loads data

NLFLUT Flutter data

NLSTAB Flight dynamics data
NLTRAN Transient data

The corresponding common block labels, for the block data form of input,
may be obtained from Section 3. In the description of the input parameters
for the rotor, the variables NBM and NTM are used:
a) NBM is the index of the highest-frequency blade bending
mode used in the analysis;
b) NTM is the index of the highesi-frequency blade torsion
mode used in the analysis,
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Namelist NLCASE

JCB

NCASEsS
BLKDAT

RIFILE

START

NFDAT
NFAF1
NFAF2

NFRS
NFEIG
NFSCR
NUIN
NUOUT

NUFPP
NULIN

integer parameter defining job: EQ O for new job (default);
NE O for old job or restart (one case only)

integer parameter controlling restart file write: 0 to
suppress write (defanlt)

New job only
number of cases (default = 1)

integer parameter defining input source:
QO read input file (default)
GT 0 use loaded block data and write input file
LT O use loaded block data

integer parameter controlling input file read:
0O read file for first case only
NE O read file for every case (default)

Cld job only

integer parameter deflining task:
1 for trim restart (default)
2 for flutter restart
3 for flight dynamics restart
L for transient restart

trim restart can be followed by any or all of the other tasks
(as defined by ANTYPE); for flutter, flight dynamics, or
transient restart, only that task can be done

Input/output unit numbers
input data file (new job only); default = 40
rotor #1 airfoil file (new job only); default = 41

rotor #2 airfoil file (new job only; only if have two rotors);
default = 42

restart file (no file write if LE 0); default = 44
eigenvalue file (no file write if LE 0); default = 45
scratch file; default = 50
namelist input; default = 5
printer (and debug level 1); default = 6
debug output (levels 2 and 3); default = 6
printer-plots; default = 6
linear system analysis; default = 6
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Namelist NLTRIM

OPREAD(10) integer vector defining namelist read structure: EQ 0
to suppress read:

components (new job only)

(1; NLRTR, rotor #1
(2 NLWAKE, rotor #1
(3) NLRTR, rotor #2
) NLWAKE, rotor #2
{(5) NLBODY
tasks

(6g NLLOAD, rotor #1
NLICAD, rotor #2
(8; NLFLUT
NLSTAB
(10) NLTRAN

NPRNTI integer parameter controlling input data print: EQ O
for short form print only

ANTYPE(3) integer vector defining tasks for new job or trim
restart; EQ 0 to suppress:

(1 flutter
(2 flight dynamics
(3 transient
TITLE(20) title for job and case (80 characters)
CODE alphanumeric code for job and case identificatlion;
I characters
OPUNIT integer parameter designating unit system: 1 for
English units (ft-slug-sec); 2 for metric units (m-kg-sec)
NROTOR number of rotors
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NLTRIM

DEBUG( 25) integer vector controlling debug print:

o ol e Il o P Y T T S T N

-
O o~ A\n & WN OV

P Y e T T e T T
NN NN
W N =

Nt e Nt st et s g et s Nt N L L L I e,

(IR AY RN
NN AN

0 no debug print

1 trace print

2 low level print
3 high level print

time (sec) at which debug print enabled
input, 2-3 (INPTx)

initialization, 2 (INITC, INITR, INITB, INITE)
trin iteration, 1-2 (TRIMI)

loads, 2 (LOADI)

flutter matrices, 2-3 (FLUTM)

flutter coefficients, 2-3 (FLUTI, FLUTA)
flight dynamics, 2-3 (STABM, STABE)
transient, 2 (TRANI)

rotor/airframe motion and forces, 2-3 (RAMF)
blade modes, 2 (MODE, MODEx)

inertia coefficients, 2 (INRTC)

airframe constants and matrices, 2 (BODYC, ENGNC,
MOTNC, BODYM, ENGNM)

induced velocity, 2 (WAKEU, WAKEN)

rotor matrices, 2-3 (INRTM)

hub/airframe motion and generalized forces, 2
(MOTNH, BODYV, ENGNV, MONF, MOTNS)

rotor motion, 2-3 (MOTNR)

rotor aerodynamics, 2-3 (AEROF)

blade section aerodynamics, 3 (AERCS)

body forces and aerodynamics, 2 (BODYF)

wake influence coefficients, 2 (WAKEC)

vortex 1line and sheet, 3 (VTXL, v'rxs;
prescribved wake geometry, 2-3 (GECMR

free wake gecmetry, 1-3 (GEOMF)

timer, 1 ( TIMER)
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VKTS
VEL

CFIENS

ALT™MSL
TEMP
DENSE
OPGRND

HAGL

OPENGN

AFLAP
RTURN

ORIGINAL PAGE IS
OF POOR QUALITY
NLTRIM
aircraft speed V (knots)
velocity ratio V/(LR

input either VEL or VKTS by namelist; if neither
parameter is defined, V = 0 is used

rotor #1 tip speed L2 R (ft/sec or m/sec)
rotor #1 rotational speed (rpm)

input either VTIP or RPM by namelist; if neither
parameter is defined, the normal tip speed VTIPN
is used: rotor #2 speed is caiculated from the
zear ratio TRATIO

integer parameter defining specification of aercdyr-iiic
environment: if i, given aititude and standard day:

if 2, given altitude and temperature; if 3, given density
and temperature

altitude above mean sea level {ft or m), for OPDENS = { or _
air temperature (°% or °Z), for OPDENS = 2 or 3
air density (slug/ft3 or kg/m3), for OPDENS = 3

integer parameter controlling grourd effect analysis:
EQ 0 for out of ground effect, NE O for in ground effect

altitude helicopter center of gravity above ground for
ground effect analysis (ft or m)

integer parameter specifying engine state: 1 for autorotation
(engine inertia, engine damping, and throttle control torque
zero; no engine speed degree of freedom); 2 for engine out
(engine damping and throttle control torque zero); O for
normal operation

wing flap angle SF (deg)

for free flight, trim turn rate 'Y (deg/sec), positive to right
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COLL

LATCYC
LNGCYC

PEDAL
APITCH

ARCLL

ACLIMB
AYAW

MPSI

MPSIR

ITERM
EPMOTN
ITERC
EPCIRC

NLTRIM
initial values of controls (trimmed as appropriate)

collective stick displacement 8 or Ae (deg).
positive up

lateral cyclic stick displacement S (deg), positive left

longitudinal cyclic stick displacement S (deg), positive
aft

pedal displacement 8 (deg), positive to right

for free flight, a.ircraft pitch angle 9 (deg), positive
nose up; for wind tunnel, rotor shaft angTe of attack GT.
(deg), positive nose up

for free flight, aircraft roll angle ¢FT (deg), positive
to right

FT define orlentation of body axes relative to
ear{g axes)

for free flight, aircraft climb angle e op (deg), positive up

for free flight, aircraft yaw angle ‘f‘ °P (deg), positive to
right; for wind tunnel, test module yaw angle ‘P (deg),
positive to right

(©._, and ¥
to L rth axeg?

define orientation of velocity axes relative
= 1 =
Voyimp = V810 Sppand V. = Vsin¥, cos SFP)

number of azimuth steps per revolution in motion and loads
analysis, maximum 36; for nonuniform inflow must be multiple
of number of blades; for free wake geometry, maximum 24

in harmonic motion solution, number of azimuth steps between
update of airframe vibration and rotor matrices

in harmonic motion solution, number of revolutions between
tests for motlon convergence

maximum number of motion iteratlions

tolerance for motion convergence (deg)

maximum number of circulation iterations
tolerance for circulation convergence (/_\CT/v-)
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DOF( 54 )

DOFT(8)

MHARM(2)

MHARMF( 2)

LEVEL( 2)

ORIGINAL PAGE IS
OF POOR QUALITY

NLTRIM

integer vector defining degrees of freedom used in
vibratory motion solution, 0 if not used; order:

rotor fi Gy e Qg Py o0 P PG
rotor #2 qy +er Qg Py «++ Py GSG
(bending, max 10) (torsion, max 5) (gimbal/teeter)
airframe 4>F O Yo x ¥ oz Q5o +++ syg
(rigid body) (flexible body, max 10)
drive train "Ps 'PI “Pe ABt Aego vr Aego vey
(rotor/engine speed) (governors

integer vector defining blade bending degrees of freedom
us2d for mean deflection (subset of DOF), O if not used;
order:

rotor #1 q 9 q3 q,
rotor #2 qy 9, q3 q,
(bending, max &)

number of harmonics in rotor motion analysis; maximum 20;
EQ O for mean only

(1) rotor #1

(2$ rotor #2

number of harmonics in airframe vibration analysis
(harmonics of N/rev); maximum 10; EQ O for static elastic
only; suggest LE MHARM/NBLADE, and the same value for
both rotors if coupled hub vibration used (see OPHVIB)

(1) rotor #

(2) rotor #2

integer parameter specifying rotor wake analyslis level:
0 for uniform inflow, 1 for nonuniform inflow with
prescrived wake geometry, 2 for nonuniform inflow with
free wake geometry (must be consistent with INFLOW)

(1; rotor #1

(2) rotor #2
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ITERU
ITERR

ITERF

NFRNTT

NPRNTP

NPRNTL

MTRIM
MTRIMD

DELTA

FACTOR

EPTRIM
OPGOVT

CXTRIM
XTRIM

CTTRIM
CPTRIM
CYTRIM
BCTRIM
BSTRIM

NLTRTM
number of wake and trim iterations
at uniform inflow level; BQ O to skip

at nonuniform inflow/prescribed wake geometry level;
EQ 0 to skip

at nonuniform inflow/free wake geometry level

integer parameter ni: trim/performance/load print
every n-th itevation; LE 0 to suppress

integer parameter controlling performance print; LE 0 to
suppress

integer parameter controlling loads print; LE 0 to suppress

maximum number of iterations on controls to achieve trim

number of trim iterations between update of trim derivative
matrix

con;rol step in trim derivative calculation (stick displacement,
deg

factor reducing control increment in order to improve trim
convergence (typically 0.5)

tolerance on trim convergence

integer parameter specifying governor trim
0 trim collective stick §
1  trim rotor #1 governor
2 trim rotor #2 governor
3 trim both rotor governors

targets for wind tunnel trim cases
Cy/o
2 2
X/q (£t° or n“)
CTﬁr or CL/V'
cpﬁr
Cy/e
8, (deg)
@ (deg)
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(yF POOR NLTRIM
OPTRIM integer parameter specifying trim option
free flight cases
OPTRIM = 0O no trim

1 trim forces and momeants with
80 8c ss 8p 9F’I‘ ¢FT
trim forces and moments with
8o 8 8 8 Opp ¥rp
trim forces, moments, and power with
8 8¢ 65 8p Opp $pp 8pp
L trim forces, moments, and power with
8 6c & 5p Opr ¥rp Opp
trim symmetric forces and moments with
So Ss eFT
5 trim symmetric forces, moments, and power with
$o & Opr Opp
wind tunnel cases
OPTRIM = 10 no trim

[4V)

)

n

11 trim cT/f with So

12 trim CT/"' with @,

13 trim Cp/e with g

1 trim B B With g g,

15 trin C/- B @B, with & § &

16 trim CL/v' cx/o- th- with § & &

17  trim CL/v- Cx/"' Cy/" with g § O

18 trim O/ C,/¢ B B owith g g & 6,
19  trim cL/cr X/q CY/r with ¢ §. &

20 trim C//v X/q cY/c- with ¢ 6, 8

21 trim cL/v- X/q B. B ¥ith g 4 g 8;
22 trim é;c with ss

23 trim /e 8 with § &

24 trim CL/r cx/c- with & g

25 trim C fo C,/@ with § 8,

26  trim cL/c- cx/c- B, vith g & @,

27 trim C /o X/q with & §_

28  trim C /o i/q with § @

29 trim C /o X/q @, ¥ith § &, O
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NLTRIM
WEIGHT see namelist NLBCDY
IXX
1YY
122
IXY
I1X2
1YZ
ATILT
FSCG
BLCG
s '
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ORIGINAL PA(‘»\"‘,ES
OF POOR QUALITY

Namelist NLRTR

TITLE(20)
TYFE

VTIPN
RADIUS
SIGMA
GAMMA

NBLAIE

TDAMPO
TDAMPC
TDAMPR
NUGC

NUGS
GDAMPC

GDAMPS
LDAMPC

LDAMPM
LDAMPR
GSB(NBM)

GST(NTM)
ROTATE

title for rotor and wake data (80 characters)

rotor identification (& characters); suggest MAIN, FRNT,
or RGHT for rotor #1; and TAIL, REAR, or LEFT for rotor #2

normal tip speed flRo (ft/sec or m/sec)

Dlade radius R {ft or m)

solidity ratio v = Ncm/ﬁvR (based on mean chord)
blade Lock number ¥ = £ ac Ru/Ib (based on standard
density, a = 5,7, and mean®chord)

(5 and - are or.y used *o calculate the normalization
parameters ¢ and Ib)

number of blades

control system damping (ft-1b/rad/sec or m-N/rad/sec)
collective
cyclic
rotating

longitudinal gimbal natural frequency Q,. or teeter natural
frequency {7T (»er rev at normal tip speég VTIPN)

lateral gimbal natural frequency QGS (per rev at normal tip
speed VTIPN)

longitudinal gimbal damping C c °F teeter damping C.,
(ft-1b/rad/sec or m-N/rad/sec !
lateral gl bal damping Cqq (ft-1b/rad/sec or m-N/rad/sec)
linear lag damper coefficient C, (ft-1b/rad/sec or
m-N/rad/sec); estimated damping if a nonlinear damper is

used éLDAMPM GT 0.); the lag mode has structural damping
also (GSB)

maximun moment of nonlinear lag damper, M . (ft-1b or m-N);
linear lag damper used if LDAMPM EQ O.

lag velocity é D where maximum moment of lag damper occurs
(rad/sec); hydraulic damping below § p and friction damping
above

bending mode structural damping &g
torcicn mode structural damping 8¢

integer parameter specifying rotor rotation direction:
1 for counter-clockwise, -1 for clockwise (viewed froum
above)
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NLRTR

OPHVIB(3) integer parameter controlling hub vibration contributions;
gravity and static velocity terms always retained; O to
suppress:

(1; vibration due to this rotor

(2 vibration due to other rotor (must

supress if Q./0N, # 1)

(3) static elastié motion

BTIP tip loss parameter B

OPTIP integer parameter specifying tip loss type: 1 for tip loss
factor, 2 for Prandtl function

LINTW integer parameter specifying twist type: EQ O for nonlinear
twist, NE O for linear twist

TWISTL linear twist rate © _ (deg); used to calculate TWISTA and
TWISTI if LINTW NE O

OPUSLD integer parameter controlling use of unsteady 1ift, moment,

and circulation terms: 1if 0, suppress; if 1. include; if 2,
zero for stall (15° < e\ < 1659)

OPCOMP integer parameter controlling aerodynamic model, EQ O for
incompressible loads

Inflow model

INFLOW(€) integer vector defining induced velocity calculation
(must be consistenui with LEVEL)

(1) at this rotor: O for uniform, 1 for nonuniform

(2) at other rotor: 0 for zero, 1 for empirical,
2 for average at hub, 3 for nonuniform (only

if Q /2, = 1)

(3) at wing-body: O for zero, 1 for emplirical,
2 for nonuniform

{4#) at orizontal tail: O for zero, 1 for
empirical, 2 for nonuniform

(5) at vertical tail: O for zero, 1 for empirical,
2 for nonuniform

(6) at point off rotor disk: O for zero, 1 for

nonuniform
RROCT root vortex position for wake model, rroot/R
RGMAX G R (induced velocity calculated using maximum bound
ciT281- tion nmagnitude outboard of erax)
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MRA
RAE(MRA + 1)

CHORD{MRA)
XA(MRA)

THETZL(MRA)

TWISTA(MRA)
XAC(MRA)

MCORRL(MRA)
MCORRD{ MRA )
MCORRM(MRA )

MRI
RI(MRI)

MASS(MRI)
EIXX(MRI)
EIZZ(MRI)
XI(MRI)
XC(MRI)

KP2(MRI)
ITHETA( MRT)

GJ(MRI)
TWISTI(MRI)

ORICINAL PAGE IS
OF POOR QUALITY

NLRTR
Blade section aerodynamic characteristics
number of aerodynamic segments; maximum 30

radial stations r/R at edges of aerodynamic segments;
sequential, from root to tip

Following quantitles are specified at midpoint of
aerodynamic segment

blade chord, c/R

offset of aerocdynamic center aft of elastic axis, xA/R;
x, is the point about which the moment data in the -
airfoil tables is given

incremental pitch of gero 1ift line, eZL (deg); can be
included in TWISTA; O, . 1is the pitch of the axis
corresponding to zero angle of attack in the airfoll
tables, relative to the twist angle (TWISTA)

blade twist relative .75R, Gt“ (deg)
offset of aerodynamic center (for unsteady aerodynamics)

aft of elastic axis, xAC/H

Mach number correction factor f), = Heff/ﬂ for 1ift
Mach number correction factor fM-=Heff/H for drag

Mach number correctlion factor fH==Heff/M for moment

Blade section inertial and structural characteristics

number of radial stations where characteristics defined;
maximum 51

radial stations r/R; sequential, from root to tip,
RI(1) = 0. and RI(MRI) = 1.

section mass, m (slug/ft or kg/m)

chordwise bending stiffness (1b-ft° or N-mz)

flapwise bending stiffness (lb-ft2 or N—mz)

offsel of center of gravity aft of elastic axis, xI/R

offset of tension center aft of elastic axis, xC/R
(at the tip, XC should be set nearly equal XI)

polar radius of gyration about elastic axis, kpz/ R?

section moment of inertia about elastic axis, Ie
(slug-ft or kg-m)

torsional st ffness, GJ (lb—ft2 or N-mz)
blade twist relative .75R, B,Lw (deg)
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CPSTLL

CPYAW

TAU(3)
ADELAY
AMAXNS
PSIDS(3)
ALFDS(3)
ALFRE(3)
CLDSP
CDDSP

CMISP

NLRTR

Stall model
integer parameter defining stall model
0 no stall
1 static stall
2 McCroskey stall delay
3 McCroskey stall delay with dynamic stall
vortex loads
L Boelng stall delay
b Boeing stall delay with dynamic stall

vortex loads
(the stall delay can be suppressed by setting TAU=0.)

integer parameter defining yawed flow corrections
0 both yawed flow and radial drag included
1 no yawed flow (cos.A. = 1.)
2  no radial drag (F_ = 0.)
3 neither yawed flow nor radial drag included

stall delay time constants for 1ift, drag, and moment:

T The Ty (calculated if LT 0.)

maximum angle of attack increment due to stall delay,

*< max delay (deg)

angle of attack in linear range fcr no stall model, & _ (deg)

dynamic stall vortex load rise and fall time (azimuth increment)
for 1ift, drag, and moment: AN ds (deg)

dynamic stall angle of attack for 1ift, drag, and moment:
LI (deg)
stall recovery angle of attack for 1ift, drag, and moment:
< o (deg)
maximum peak dynamic stall vortex induced 1ift coefficient:
‘;cﬁd

s
maximum peak dynamic stall vortex induced drag coefficient:

Acdye
maximum peak dynamic stall vortex induced momeni coefficient:

Alngg
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ORIGINAL PAGE IS
OF POOR QUALITY

NLRTR

KHLMDA factor K, for hover induced velocity (typically 1.1)

KFLMDA factor K ¢ for forward flight induced velocity (typically 1.2)

FXLMDA factor £ for linear inflow variation in forward flight
(typicalfy 1.5)

FYLMDA factor £ for linear inflow variation in forward flight
(typicarly 1.)

FMLMDA factor f on linear inflow variaition due to hubt moment
(typicaily 1.)

FACTWU factor introducing lag in C.r. x' and Cy_used to calculate
induced velocity (typically .5) y

KINTH factor for hover interference veloclty at other rotor
(Kpy or Xy))

KINTF factor for forward flight interference velocity at other

rotor (K21 or "12)

(1inear variation between KINTH at A = 0.05 and KINTF at
M = 0.10 is used)

KINTWB factor for rotor-induced interference velocity at
wing-body, K'H

KINTHT factor for rotor-induced interference velocity at
horizontal tail, KH

KINTVT factor for rotor-induced interference velocity at

vertical tail, Kv

4

\KH' KH' Kv equal fractlion of fully-developed wake times
maximum fraction surface in wake)

HINGE integer parameter specifying blade mode type
0 hinged

1  cantilever
2 articulated (flap and lag modes only)

NCOLB number of collocation functions for bending mode calculations
(to*al flap and lag, alternating); maximum 20

NCCLT number of collocation functions for torsion mode calculations;
maximum 10

NONROT integer parameter: NE O to calculate nonrotating bending
frequencies

EPMODE criterion on change of collective pitch to update blade

modes, Ae?5 (deg)
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NLRTR

MASST tip mass (slug or kg); the tip mass can also be included
directly in the sectlon mass distribution
XIT offset of tlp mass center of gravity aft of elastic
axis, xI/R
MBLAIE blade mass (slug or kg); if LE 0., integral of section mass
used (with mass included at r = 0. to account for the hub mass)
EFLAP flap hinge offset ef/R (extent of rigid hut for cantilver blade)
ELAG lag hinge offset el/B (extent of rigid hub for cantilver blade)
KFLAP flap hinge spring (ft-1b/rad or m-N/rad)
KLAG lag hinge spring (ft-1b/rad or m-N/rad)
RCPLS h:nge spring parameter, a’s
TSPRNG hinge spring parameter, eso
(hinge spring pitch angle is es = eso + Rs 975)
RCPL structural coupling parameter R (effective pitch angle RO
used to calculate blade bending modes; normally R = 1.)
NOPB integer parameter specifying twist inboard of Teal EQ 1 for
no pitch bearing
WTIN integer parameter defining control system stiffness lnput:

1forl(°.2forug

control system frequency \,5°(per rev, at normal tip speed VTIPN)
FTO collective

FIC cyclic
TR reactionless
control system stiffness Kg (ft-1b/rad or n-N/rad)
KT0 collective
KTC cyclic
KTR reactionless
KPIN integer parameter defining pitch/bending coupling input:

1 for input, 2 for calculated (negative to suppress cosine
factors in Kp, and Kgg)

root geometry to calculate pitch/bending coupling (KPIN = 2 or -2)

PHIPH pitch horn cant angle, 45PH (deg)
PHIPL pitch link cant angle, 4)?1. (deg)
RPB pltch bearing radial location, rPB/R
RPH piich horn radial location, rPH/R
XPH pitch horn length, xPH/R



ATANKP(NBM)
DEL3G

RFA
ZFA
XFA
CCNE
DRCOF

SWEEP
FDROCP

FSWEEP

ORIGINAL PAGE

4 QF_POOR QUALIT
pitch/bending coupling tan Kp, (deg), Tor pitch
horn level (KPIN = 1 or -1)

pitch/gimbal coupling tan‘lxpG (deg), for pitch horn
level

feathering axis radial location, rFA/R
gimbal undersling, zFA/R

torque offset, xFA/R

precone angle SFAl (deg), positive up

droop angle SFAZ (deg) at 5975 = 0, positive down from
precone

sweep angie 5“3 (deg) at 975 = 0, positive aft

feathering axis droop angle Spa, (deg), positive down
from precone .

feathering axis sweep angle SFAS (deg), positive aft
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Namelist NLWAKE

FACTWN factor introducing lag in bound circulation used to calculate
induced velocity

OPVXVY integer parameter: EQ O to suppress x and y components of
induced velocity calculated at the rotors

KNW extent of near wake, KNH

KRW extent cf rolling up wake, K‘RH

KFuW extent of far wake and tip vortices, IEW

KW extent of far wake and tip vortices for points off rotor
disk, K

N
(age ¢ = KAW ; all K GE 1)

RRU initial radial station of walke rollup, rRU/R

FRU initial tip vortex fraction of l"m ax for rollup, fRU

PRU extent of rollup in wake age, ¢RU (deg)

FNW tip vortex fraction of PM for near wake, fNH

Vs sheet edge test parameter dvs‘ LT 0. to suppress test

nLS 11fting surface correction parameter dls; LT 0. to suppress
correction

CORE(5) vortex core radii r /R
(1) tip vortices
52 burst tip vortices
3 tip vortices in far wake off rotor
(4) trailed lines (LT 0. for default = s/2)
(5) shed lines (LT 0. for defauit = t/2)

OPCORE(2) integer parameter specifying vortex core type: O for
distributed vorticity, 1 for concentrated vorticity

213 tip vortices

2 inboard wake

OPNWS(2) integer parameter controlling action when inflow and
circulation points coincide in near wake ( $ = 0) and
sheets are being used: 0 to use two sheets, 1 to use lines,
2 to use single sheet

21 shed wake

2 trailed wake
Ly number of spirals of far wake for axisymmetric case, LHH
OPHW integer parameter: EQ 0 for axisymmetric wake geometry

OPRTS integer perameter: NE 0 to include rotation matrices
(Rogs etc.) in influence coefficlents
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WKMODL(13)

MRG
NG(MRG)

MRL
NL(MRL)

OPWKBP(3)

Lauk IS
ur POOR QUALITY]

NLWAKE

integer parameter defining wake model: O to omit
element, 1 for line segment with stepped circulatica
distribution, 2 for line segment with linear circulation
distribution, 3 for vortex sheet element

(1) tip vortices (stepped line or linear line)

(2) near wake shed vorticity

3) near wake trailed vorticity

k) rolling up wake shed vorticity

5) 1rolling up wake trailed vorticity

(6) far wake shed vorticity

(?7) far wake trailed vorticity

(8) far wake (off rotor) shed vorticity

(9) far wake (off rotor) trailed vorticity

(10) bound vortices (no sheet model)
axisymmetrical wake axial vorticity (no line model)
axisymmetrical wake shed vorticity (no line model)

(13) axisymmetrical wake ring vorticity (no line model)

- v i:f*cu
[ :
-
1
. —— — .
Nw Rw fw/bw

nunber of circulation points for near wake; LE MRA

circulation points, identified by aerodynamic segment
number: ng, for 1 = 1 to MRG (corresponding ry must be
between rroot/R and 1.)

number of inflow points; LE MRA

points at which the induced veloclity is calculated,
identified by aerodynamic segment number: DLy ‘for
1=1 toMRL

1ntegei parameter controlling blade position model for wake
analysis

(1 EQ 0 to suppress inplane motion

(2 EQ 0 to suppress all harmonics except mean

(3 EQ O for linear from r = rroot/R tor=1.
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VELB
DPHIB
mBvV
QDEBUG

KRWG

OPRUG

FWGT(2)
FWGSI(2)
FWGS0(2)

KWGT(4)
- KWGSI(4)
KWGSO (&)

core burst propagation rate, V, = A /%
core burst age increment, Aﬂ#b (Geg)
core burst test parameter d'bv' LT 0. to suppress bursting

velgcity criterion for debug print: print if
\V-k /v \ > QDEBUG

Prescribed wake geometry

extent of prescribed wake geometry, K. . (age $=KAW);
maximum 144

integer parameter defining prescribed wake geometry model

1
2
3

~N O\ F

10
11

Factors 1

from K,=f,\ , K,=f_\, input K., input K
171 22 3 L

option #1, without interference velocity in A
from input Ki’ 1(2. 1(3. Ku
Landgrebe prescribed wake geometry

from CT

from r'max

from M\

from )\ without interference -
Kocurek and Tangler prescribed wake geometry

from CT

from r’max

from \

from )\ without interference

and f, for prescribed wake geometry
tip vortex

inside sheet edge

outside sheet edge

Constants XK
tlp vorte

' Kz. K;, Ku_ for prescribed wake geometry

inside sheet edge
outside sheet edge
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NLWAKE
Free wake geometry

KFuG extent of free wake geometry distortion calculation, KFWG
(age ¢ = KAMN); suggest ( u//&)MPSI; maximum 96,
multiple MPSI

OPFWG integer parameter defining free wake geonetry model

1 Scully free wake geometry
2 option #1, without interference velocity

ITERWG nunber of wake geometry iterations; suggest 2 or 3

FACTWG factor introducing lag in distortion calculation to
Improve coavergence; suggest 0.5

RIWG(2) radial station r/R of trailed vorticity

(1) inside sheet edge
(2) outside sheet edge, or trailed line (suggest .4)

WGMODL( 2) integer parameter defining wake model: 0 to omit, 1 for
line segment, 2 for sheet element
(lg inboard trailed wake elements
(2) shed wake elements

CCREWG( &) vortex core radii r /R

(1; tip vortices

(2) burst tip vortices (LE 0, for default =
unburst value)

(3) 4inboard trailed lines (LE 0. for default =
$(RTWG(?) - RTWG(1)) )

(4) shed 1ines (LE 0. for default = 0.4 AW)

MRVBWG number of wake revolutions used below point where induced
veloclty is being calcuiated; suggest 2
LDMWG integer parameter ) S general update every R AY increment

in boundary age; suggest 1800/AN
NDMWG(MPSI) integer parameter n . ('W.): boundary update every

increment in age, functidn of . = JttNJ, j= ﬁ%SI;
suggest 900/AN fore and aft, afld 45°/AND on sides
DQWG( 2) incremental velocity criteria; suggest 0.04 to 0.08)«1

(1) near wake elementc defined by
)agl > pwG(1)

(2) integrate bound vortex line in time over
1t lagl > nve(2)
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IPWGDB(2)

QWGIB

NLWAKE

integer parameters controlling debug level 3 print
of wake geometry distortion

(1) IPR: print distortion before general
update every IPR* A¥; BEQ 0 to suppress

(2) INPS: print distortion after each
iteration every INPS* A'p; EQ 0 to
suppress; last iteration printed in full

parameter controlling debug level 3 print: induced velocity
contribution of wake element printed if |AF)] > QWGIB;
suggest O.SX1 to 1.0\1
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Namelist NLBODY

TITLE( 20) title for airframe and drive train data (80 characters)
WEIGHT aircraft gross weight including rotcrs (1b or kg)
aireraft moments of inertia including rotors (slug-ft2 or kg-mz)
IXX Ixx
IYY I
yy
VA I
22
IXY I
Xy
IXZ 1
Xz
IYZ Iyz
TRATIO ratio of rotor #2 rotational speed t rotor #1 rctational
speed, (7.2/.(21 (transmission gear ratio rli/rIz)
CONF'IG integer parameter specifying helicopter configuration

for one rotor
1 for single main rotor and tail rotor (rotor #2

is the tail rotor)
2 for tandem main rotors (rotor #2 is the rear rotor)
3 for t11t1n§ proprotor aircraft (rctor #2 is the

left rotor
ASHAFT(2) shaft angle of attack ©p (deg), positive rearward
(1% rotor #
(2) rotor #2
ACANT(2) shaft cant ang’~ &, (deg); prsitive to right for main

rotor; positive upward for tall rotor; positive inward in
helicopter mode for tilt rotor

(1; rotor #1

(2) rotor #2

ATILT racelle tilt angle o4, (deg), for tilting proprotor
configuration only; O for airplane mode, 90. for
helicopter mode

HMAST rotor mast length from pivot to hub (ft or m), for
tilting proprotor configuration only

DPSI21 Zh}P (deg); rotor #2 azimuth angle ‘*E when rotor #1
szindth angle W, = 0; must be 0. if 17.2/.8'21 71

CANTHT horizontal tail cant angle Cth (deg), positive to left

CANTVT vertical tail cant angle ¢y, (deg), positive to right

\\\\\

o Ox F(J")'JL SRS



NLBODY

location (fuselage station, butt line, and waterline) of
aircraft components relative to a body fixed reference
system having an arbitrary orlentation and origin; fuselage
station (FS) positive aft, butt line (BL) positive to right,
and waterline (WL) positive up (ft or m)

FSCG aireraft center of gravity location
BLCG
WLCG

FSR1 rotor #1 hub location (right nacelle pivot location for
BLRY tilting proprotor configuration)

WLR1

FSR2 rotor #2 hub location

BLR2

WLR2

FSWB wing-body center of action

BIWB

WiWB

FSHT horizontal tall center of action
BLHT

WLHT

FSvT vertical tall center of actlon
BILVT

WLVT

FSOFF ~int off rotor disk (for induced velocity calculation)
BLOFF

WIOFF

CNTRLZ(11) control inputs (deg) for all sticks centered (Vy = 0):
- T
Yo (90 eic 915 90 91c ais 6f ‘Se &a sr et)

rotor #1 rotor #2 aircraft
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NLBCDY

description of control system (for TCFE); K parameters
are gains (deg per stick deflection),; A parameters are
swashplate azimuth lead angles (deg

one rotor, single main rotor and tail rotor, tilting proprotor

configurations
KOCFE KO' collective stick to collective pitch
KCCFE Kc' lateral cyclic stick to cyclic or differential
collective pitch
KSCFE Ks’ longitudinal cyclic stick to cyelic pitch
KPCFE K , pedal to tail rotor collective or diffevential
cfclic pitch
PCCFE AN |, lateral cyclic stick to cyclic pitch (one rotor,
or sfngle main rotor and tail rotor corfigurations)
PSCF% ASﬂQé. longitudinal cyclic stick to cyclic piteh
PPCFE AN, pedal to differential cyclic pitch (tilting
propRotor configuration only)
tandem maln rotor configuration
KFOCFE KFO' collective stick to front coliective pitch
KROCFE KRO' collective stick to rear collective pitch
KFCCFE KFC' lateral cyclic stick to front cyclic pitch
KRCCFE KRC' lateral cyclic stick to rear cyclic r'+*ch
KFSCFE KFS' longitudinal cyclic stick to front collective pitch
KRSCFE KRS' longitudinal cyclic stick to rear collective pitch
KFPCFE KFP' pedal to front cyclic pitch
KRPCFE KRP’ pedal to rear cyclic pitch
PFCCFE ALNJFC, lateral cyclic stick to front cyclic pitch
PRCCFE AﬁﬂJRC. lateral cyclic stick to rear cyclic pitch
PFPCFE A\PFP, pedai to front cyclic pitch
PRPCFE P o RE* pedal to rear cyclic pitch
aircraft controls (all configurations)
KFCFE Kf, collective stick to flaperon
KTCFE Ky collective stick to throttle
KACFE Ka' lateral cyclic stick to allerons
KECFE Ke' longitudinal cyclic stick to elevator
KRCFE Kr’ pedal to rudder
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QMASS(NEM)
QFREQ(NEM)
QDAMP( NEM)
QDAMPA( NEM)

QCNTRL(4 ,NEM)

DOFSY¥( NEM)

ZETAR1(3, NEM)
ZETAR2(3, NEM)
GAMAR1(3,NEM)
GAMAR2(3,NEM)

KPMC1(NEM)
KPMS1( NEM)
KPMC2( NEM)
KPMS2( NEM)

NLBODY

nunber of airframe modes for which data supplied;
saximum 10

generalized mass M_ including rotors (slug or kg)
generalized frequency L (Hz)
structural daaping &g

erytynanyc damping Fo,g, = 3(Q/43V%)/ ¥ag/V)

(ft° or m

n rivativ = Ay ,
s S T, Ay o

integer vector .esignating type of mode: GT O for
symmetric, LT 0 for antisymmetric; only required for
flutter analysis w:l_t.h OPSYMM NE O

linear mode si. me 3]: at rotor #1 hud (ft/ft or m/m)
linear mode shape .ik at rotor #2 hub (ft/ft or m/m)
angular mode shape '?k at rotor #1 hub (rad/ft or rad/m)
angular mode shape ¥, at rotor #2 hub (rad/ft or rad/m)
pitch/mast-bending coupling (rad/ft or rad/m)

Kuoy, = - aelc/bqsk for rotor #

Kys, = - 3@, /dag,  for rotor #1

Kngy, = - 361c/5qsk for rotor #2

Kysy = - 39,./dqg  for rotor #2
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NLRC DY
Aircraft aerodynamic characteristics

Wing-body

LFTAW Let/q (ftz/rad or mz/rad)
LFTFV Lyc/a (£t%/rad or mf/rad)
LFTIN Lg/a (£t%/rad or m°/rad)
AMAXV o (deg)

IvB ip (deg)

IRGOW £ = Dofa (ftz or m%)

TRGVW £ ort (£t° or n?)

IRGIV me 7 = (M0, /a)/ A/a)? )t (£42 or m?)

DRGFW Do‘s/q (ftz/rad or mz/rad)
IRGIN Dog, /4 (£t°/rad or n%/rad)
MOMOW Mo/q (ft.3 or m3)

MOMAW M_/a (£t3/rad or m/rad)
MOMFW Mg,/a (££2/rad or m°/rad)
MOMDW HsF/q (£t7/rad or m3/rad)
STIEB Ya/a (£t%/rad or n’/rad)
SIDEP vY p/q (ft3/rad or m3/rad‘,
SIDER VY _/q (££7/rad or m/rad)
ROLLB Nxa/q (ftj/rad or m3/rad)
ROLLP VN, p/q (ftb'/ra.d or m'*/rad)
ROLIR Vlefq (ft’*/rad or m“/rad)
ROLLA Ny 6__/q (ft3/md or m3/rad)
YAWB L /a (ftz/rad or mZ/rad)
YAWP VN, p/q (ft /rad or m /rad)
YAWR V,_/q (£4*/rad or m*/rad)
YAWA Nz“/q (ft3/rad or m3/rad)

Horizontal tail

LFTAH Loc/a (£t%/rad or m%/rad)
LFTEH Lse/q (£t%/rad or m%/rad)
AMAXH = pax (deg)

IHT L (deg)
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LFTAV
LFTRV
AMAXV
IVT

FETAIL
LHTAIL
HVTAIL
OPTINT

Vertical tail

Lo /a (ft?/rad or lz/rad)
Lg/a (£t%/rad or n%/rad)
a~pax (dQG)
Lyp (deg)

Airframe interference
fe = (3€/¥1/) )7t (£42 or u?)

horisontal tail length Ry for & (£t or m)
vertical tail height h., for -, positive up (ft or m)

integer parameter controlling airframe/ta3l aerodynamic
interference: EQ O to suppress (€ = 0 and ¢ = 0)
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ENGFOS

KMAST1
KMAST2
KICS

GSI

KEDAMP

THRTLC

KPGOVE
KPGOV1
KPGOV2

KIGOVE
KIGOV1
KIGCV2

Engine and drive train parameters

integer parameter specifying drive train configuration:
0 one rotor
1 asymmetric, engine by rotor #
2 asymmetric, engine by rotor #2
3 symmetric

engine rotatioml inectia r for both engines if
symmetric configuration (slug t or kg-m )

drive train spring constants (ft-1b/rad or m-N/rad)
rotor #1 shaft, Ky, or Ky

rotor #2 shaft, K"Z
interconnect shaft, rIZZKI or rI2 KI
engine shaft, rEZ KE
engine shaft structural damping g_ (‘V degree of freedom)

inierconnect shaft . structural damping g (‘¥ degree of
freedom)

engine damping factor ¥; typically 1.0 for turboshaft
engines, or 10. for induction electric motors

bP aet (dimensional), for both engines if symmetric
iguration; if the throttle variable B is only used
for the governor. Jjust the products

Kp 3P,/3®, = - 3P/ av
K; 3P/30, = - aP/a-Ps
must be correct (P = 2.Q, = Q QE)
governor proportiona.l feedback gains (sec)
to throttle, Kp = - 28,/ ws
to rotor # collective. = 89/6\’
to rotor #2 collective, KP = 3%/ 6‘!’8

governor integral feedbvack gains
to throttle, K; = - 20,/ 3",

to rotor #1 collective, K; = 38/3¥,
to rotor #2 collective, K = 30/a%,

-57-

NLBODY



TiGOVE
T1GOV1
T1GOV2

T2GOVE
T2GOV1
T20V2

governor time lag ", = 25/“:: (ss2)
throttle

rotor #
rotor #2

governor time lag T, = I/L.)nz (secz)
throttle

rotor #1
rotor #2
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Namelist NLLOAD

Alrframe vibration

MVIB number of stations for airframe vibration
calculation and print; maximum 10; LE O to
suppress
airframe location for vibration calculation (ft or m)

FSVIB(MVIB) fuselage station

BLVIB(MVIB) butt line

WLVIB(MVIB) waterline ‘

ZETAV(3,NEM,MVIB)  linear mode shape Y, at airframe vibration
stations (ft/ft or mym)

MALOAD integer parameter controlling print of motion and
aerodynamics: EQ O to suppress; LT O for only plots

MHLOAD integer parameter controlling print of hub and
control loads: EQ O to suppress

MRLOAD number of radial stations for blade section load
calculation and print; maximum 20; LE 0 to suppress

RLOAD(MRLOAD) blade radial stations r/R for section loads

MHARML number of harmonics in loads analysis; maximum 30;
LT 0 for no harmonic analysis; suggest about MPSI/3

NPOLAR integer parameter n for polar plots: symbol printed
every n-th step

NWKGMP(4) integer parameter controlling wake geometry printer
plot; EQ O to suppress

(1) top view

(2) side view
§3 back view
4) axial convection

MWKGMP number of azimuth stations at which wake geometry
Plotted; maximum 8; LE 0 for no plots

JYKGMP(MWKGMP) azimuth stations at which wake geometry plotted
(W= jaw)

-59-



NPLOT(?5)

integer parameter controlling printer-plots of motion
0 for no plot, 1 for time history
plot, 2 for pelar plot, 3 for both (only time history

and aerodynamics:

available for 1-4 and 68-75)

bending motion
torsion motion
maximum circulation
» off rotor

2.9 =R

Cnm
Cdradial
r_ra ia

up

up

UR

U

e

¢

lag

flap

o y 1ift
eff drag

moment

£ 1ift
drag
moment

Mef

\
x
\Y

inferference \
1N
b

8N X
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§h5 not used
46) not used
ﬁg no} used
CP L
49 Cpi/r
gg CPi Nig
Cp /o
§52 Le *
53) D *
(54) ™ *
Gy o
56) F, »
(57) Fr *
(58) F, =T =
(59) M *
(60 - *
561 rot used
62) not used
(63) not used
264 P *
65 Pi *
66) P *
267 Pint

o

(683 rotating frame root loads
69) nonrotating frame hub loads

70) rotating frame root loads *
71) nonrotating frame hub loads

(72) section loads, shaft axes

(73) secticn loads, principal axes
§7ls section loads, shaft axes *
75) section loads, principal axes

*

x

*dimensional quantities

for polar plots, last digit of integer part of
(value/increment) is printed, if it is a multiple
of NPOLAR; the plot increment is defined as follows

.01 plots 27-35

1 plots 6, 8-16, 24-26, 36-51

1. plots 5. ?o 1?'23, 52-61

10. plots 62-67
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KFATIG

SENDUR{18)
CMAT(18)
EXMAT(18)

rarameter K in fatigue damage calculation; suggest
3 or bk

endurance limit S; (dimensional force or moment)
material constant C

material exponent M
rotating frame root loads

(1) inplane shear f
(2) axial shear f_*
(3) vertical shear f
0) flap moment m
(5; lag moment m
(6 control momeAt m
nonrotating frame hiib loads
(7) drag force H
(8 side force Y
(9 thrust T
(10 roll moment M
(11 pitch moment ﬁ
(12) torque Q y
section loads (principal axes)
(133 chord shear f
(14 axial shear f
(15 normal shear
(16§ flatwise momen¥ m
(17 edgewise moment m
(18) torsion moment m

t

the S-N curve is approximated by N = C/'(S/SE- 1)M

use S, LT O, or C LT O, to suppress damage fraction
calcu?ation; use M EQ 0. to suppress equivalent
peak -to-peak load calculation as well

NLLCAD



MNOISE

RANGE(MNOISE)
ELVATN(MNOISE)

AZMUTH{MNOISE)

MHARMN(3)

MTIMEN(3)

AXS(MRA)

CPNOIS(4)

NLLCAD
Far field rotational noise

number of microphones; maximum 10; LE 0 for no
noise analysis

microphone range relative hub (ft or m)

microphone elevation relative hub (deg), positive
above rotor disk

microphone azimuth relative hub (deg), defined as
for rotor azimuth

number of harmonics

(1; in noise calculation; maximum 500

(2) in aerodynamic load harmonic analysis
(suggest MPSI/3)

(3) 1in print of noise (LE 0 for no print)

number of time steps (LE 0 to suppress)
(1) 4in period of noise calculation; maximum 500
(2) 4increment in noise print
(3) 4increment in noise plot

blade cross section area A S/c2 at aerodynamic
segments, for thickness nofSe calculation(typically
0.685 times thickness ratio)

integer parameter controlling nolse calculation:
0 to suppress, 1 for impulsive chordwise loading,
2 for distributed chordwise loading

(1) 1ift noise

(2) drag noise

éB radial force noise

4) thickness noise
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Namelist NLFLUT

OPFLOW integer parameter specifying analysis type: LT O for
constant coefficient approximation; EQ O for axial flow;
GT 0 for periodic coefficients

CPSYMM integer parameter: NE O for symmetric and antisymmetric
analyses (tilting proprotor configuration only)

OPFDAN integer parameter: EQ O to suppress flight dynamics analysis

NBLIFL integer parameter: EQ 1 for independent rotor blade analysis

MPSIFC number of azimuth steps in period for nonaxial flew, periodic

coefficient analysis (OPFLOW GT 0); AN = 360/(Nb dm) for

odd number of blades, &Y = 720/(N_. M) for even number of
bld

blades

NINTPC integer parameter specifying numerical integration option
for periodic coefficient analysis (CPFLOW GT 0): 1 for
modified trapezoidal method, 2 for Runge-Kutta method

MPSICC number of azimuth stations (per revolution) in evaluation

of average coefficients for constant coefficient approximation
(CPFLOW LT 0); AN = 360°/M

DALPHA angle of attack increment Aot (deg) for calculation of
Cgs Cqt and S, derivatives in aerodynamic coefficients
DMACH Mach number increment AM/M for calculation of cge Cqr and

Ch derivaiives in aerodynamic coefficients

OPUSLD integer parameter controlling use of unsteady 1ift and moment
in flutter analysis: O to suppress; 1 to include; 2 for
zero in stall (15°< V& \ < 1659)

DELTA control and motion increment for aircraft stability derivative
calculation (dimensionless)

OPRINT integer parameter: BEQ O to suppress rotor/body aerodynamic
interference in flutter analysis

OPGRND integer parameter controlling ground effect analysis: EQ O
for out of ground effect, NE O for in ground effect

KASGE factor for antisymmetric ground effect: 0. to suppress, 1.0
for unstable roll moment due to ground effect (tilting proprotor
configuration only)

OPSAS integer parameter controlling use of SAS: EQ 0 to suppress
KCSAS lateral SAS gain K_= - 3§/ 3¢, (deg/deg)

KSSAS longitudinal SAS gain K = ass/ A (deg/deg)

TCSAS lateral SAS lead time T, (sec)

TSSAS longitudinal SAS lead time °T_ (sec)
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NLFLUT

OPTORS(2) integer parameter: EQ O for rigid pitch model (infinite
control system stiffness, no p, degree of freedon)
(1 rotor #1
(2 rotor #2

DOF(80) integer vector defining degrees of freedom for flutter
analysis; O if not used, 1 if used, 2 if quasistatic variable;
order:

) ay ) Q) QIO X S)] ()
rotor #1 By B Bis < Bz B OBy . Bupy B BasWs Mo \u\‘)
@) ACO D () Y (O Y (4
I'OtOI' #2 P. 7% $.‘ ase Qm b‘ B“ a.* '119“’2 kee‘ v: \“\‘\‘
bending pitch/torsion gimbal rotor inflow
(15) (9) teeter speed
airi_ame 4\;6;\’; ¥e " 25 Q\"‘"‘\‘\b e, Aétbﬁre, AGS""
rigid body flexible engine governor
body (10) speed

CON(26) integer vector defining control variables, O if not used;

order:

rotor # ao B.g 8.5 ‘em 9&}:_

rotor #2 D O By .- inz
pitch (8)

airframe Ss Se Sa S¢ =29
Pllot 80 Se és sf St

GUs(3) integer vector defining gust components, 0 if not used;
order: Usr Voo Yg

for a two-bladed rotor, 6GC is replaced by @T
tnere are N. rotor pitch control variables; except for a

two-bladed B%%or. which has the 4 variables ©,., O o 915. 91
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ANTYPE(Y4)

NSYSAN

NSTEP
NFREQ

FREQ(NFREQ)

NBPLOT

NXPLT
NVPLT
NAMEXP(NXPLT)

NAMEVP(NVPLT)

NDPLT
NFOPLT
NF1PLT

MSPLT

NLrLUT

integer parameter specifying tasks in linear system
analysis, £Q O to suppress

(1) eigenanalysis

éz transfer function printer-plot

3) time uistory printer-plot

(4) rms gust response

Eigenanalysis

calculation control: O for elgenvalues, 1 for eigenvalues
ani eigenvectors; 10 or 11 for zercs as well

statlic response calculated if NE O

number of frequencies for which frequency response
calculated; LE 0 to suppress; maximum 100

vecwor of frequencies (per rev)

Transfer function Hrinter-plot

calculation method:
poles and zeros

if 1, from matrices; if 2, from

nunber of degrees of freedom to be plotted; maximum 80
nunber of controls to be plotted; maximum 29

vector of variable names to be plotted (inconsistent
names ignored)

vector of contr-l names to be plottad (inconsistent
names ignored)

frequency steps per decade
exponent (base 10) of beginning frequency
exponent (base 10) of end frequency
(maximum NF= (NF1PLT - NFOPLT) * NDPLT+ 1 = 151)

magnitude plot scale: 1if 1, plot relative maximum value;
if 2, plot relative 10.**K; if 3, plot relative 10,
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NTPLOT

PERPLT

DTPLT

TMXPLT

NXPLT

NVPLT
NAMEXP(NXPLT)

NAMEVP(NVPLT)

LGUST(MG)

MGUST(M%)

NAMEXA(MACC)

FREQA(MACC)
MACC

FSACC
BLACC

WLACC
ZETACC(3,NEM)

NAMEXR(3)

NLFLUT
Time history printer-ylot

control input type: 1 for step, 2 for impulse, 3 for
cosine impulse, 4 for sine doublet, 5 for square impulse,
6 for square doublet

period T for impulse or doublet (sec)

time step (sec)

maximum time (sec); maximum NXPLT*NVPLT*TMXPLT/DTFLT = 7200
number of degrees of freedom to be plotted; maximum 80
number of controls to be plotted; maximum 29

vector of variable names to be plotted (inconsistent
names ignored)

vector of control names to be plotted (inconcistent
names iguored)

Rms gust response

real vector of gust correlation lengths: CT 0., dimensional
length L (‘cG = L/2v); EQ 0., set L = 400,; LT 0.,
magnitude is dimensionless correlation time T; (frequency
L=Q/z.)
real vector of gust component relative magnitudes

MG = number »f gust components; maximum 3

vector of names of degrees of freedom for which
acceleration calculated; last 3 equal ACCB for body
axis acceleration (all 3 or none) (inconsistent namcs
ignored)

vector of acceleration break frequencies (Hz): 2/rev
use® i1f LT O.; in same order as NAMEXA

number of accelerometers; LE 0 for none; maximum 83

location of point at which body axis acceleration
calculated (ft or m)
fuselage station

butt line
waterline

linear mode shape Sk at point where body axis acceleration
calculated

names of
that ‘313'

3, 5 _,and © 1in state vertor; assumed
'€ ik o _r1iha
names 1gnored$

ow immediately (inccnsistent
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Variable names for linear system analysis

Degrees of freedom

1B1

1B15
1T

119
1BGC
1BGS
PSIS
1LY
1LX
1LY
31

2B15

Z2BGC
2BGS
PSII
2Lu

2LY
PHIF

PSIF
XF

yA)

8. 8. 6

GYaY Y

@' B“- W oS @871

(Y _GY (D) Q)
16 e Bhvg

fac
36s
s
Y
s

N

‘)\

RINO BN H 8N
@(. Buc pu "‘F"’l

@) ) ) (23
eo eu.e eer N2

bending

pitch/torsion

girbal/teeter

rytor speed

inflow

bending

pitch/torsion

gimbal/teeter

rotor speed

inflow

rigid body
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rotor #1

rotor #2

airframe

-t



QF1 Fs, (k27D
Q10

PSIE Ye

TGOV HOT

1GOV ODegur,

260V ABeevr,

Control variables

ice Bo B4 By .. - Oy
1c1C

1C1S

1Ch

1C6
200  ©,9n Oig --r Dnsz
2C1C

2C1S
2ck

2c8

IELF 45&
IELE 8¢
IELA &,
DELR  §¢
CT 1> 2
ELO  §,
DELC  §
IELS ¢
ELP  $,
DELT &,

flexible tody airframe

engine speed

governoy

rotor #1

v

rotor #2

v

airframe

pilot
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Gust components

G
VG vG
WG "G

For the rotor names, the leading character (1 or 2) is

replaced as follows, depending

on the helicopter configuration

CONFIG = 0 blank (left justified)
1 Mor T
2 ForR
3 R or L (OPSYMM = o;
3 S or A (OPSYMM # O

For a two bladed rotor, BGC is

replaced by BT

For first order degrees of freedem, the only state is the
velocity, hence 1t 1s the velocity that will be plotted
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Namelist NLSTAB

NPRNTP integer parameter controlling performance print during
stablility derivative calculatlon: LE 0 to suppress

NPRNTL integer parameter contrclling loads print during stadbility
derivative calculation: LE O to suppress

ITERS number of wake influence coefficient/motion and forces
iterations

CPLMDA integer parameter controlling induced velocity calculaticn:

if 0, update influence coefficients and inflow; if 1, suppress
influence coefficient update; if 2, si1ppress inflow update
(and influence coefficient update)

DELTA control and motion increment for stability derivative
calculation {dimensionless)

OF(?7) integer vector defining degrees cf freedom, O if not used;
order: bF‘ eF' \*'F’ xF, }'F' ZFI ws

CON(16) integer vector defining control variables, O if not used;
order:

rotor # B0 O B
rotor #2 D¢ B By
airframe B¢ S¢ Sa & B¢
pilot §o 5S¢ B¢ Sp St

GUS(3) integer vector defining gust components, O if not used;
order: Un s VG. Wo

CPFRNT(4) 1integer parameters controlling stability derivative print,
EQ O to suppress:
(1) rotor coefficient form, dimensionless
(2) rotor coefficient form, dimensional
(3) stability derivative form, dimensi -‘ess
() stadility derivative form, dimensi.

KCSAS lateral SAS gain, K_ = - b&c/éq)F (deg/deg)
KSSas longitudinal SAS gain, K = bSS/ZKBF (deg/deg)
TCSAS lateral SAS lead time T (sec)

TSSAS long_tudinal SAS lead time T (sec)
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EQTYPE(12)

ANTYFE(S)

NSYSAN

NSTEP
NFREQ

FREQ(NFREQ)

NLSTAB

integer parameter specifying equations to be
analyzed, EQ O to suppress
with Ww_, with 5AS

(1 complete
(2 symmetric
(3 antisymmetric
with &p_, without SAS
(#) complete
(5) symmetric
(6) antisymmetric
without ¥ _, with SAS
(7) complet
(8) symmetric
(9) antisymmetric
withous ap , without SaS
(10) completd
(11) symmetric
(12) antisymmetric

integer parameter specifying tasks in linear system
analysis, EQ 0 to suppress
(1) eigenanalysis
(2) transfer function printer-plot
(3) time history printer-plot
rms gust response
numerical integration of transient

Eigenanalysis

calculation control: O for eigenvalues, 1 for eigenvalues
and eigeavectors; 10 or 11 for zeros as well

static response calculated if NE O

number of frequencies for which frequency response
calculated; LE 0 to suppress; maximum 100

vector of frequencies (per rev)
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NBPLOT
NAMEX P{ NXPLT)
NAMEVP(NVPLT)

NXPLT
NVPLT
NDPLT
NFOPLT
NF1PLT

MSPLT

NTFLOT

PERPLT

DTPLT

TMXPLT

NXPLT

NVPLT
NAMEXP(NXPLT)

NAMEVP( NVPLT)

LGUST(MG)

MGUST(MG)

NLSTAB
Transfer function printer-plot

calculation method: if 1, from matrices; if 2,
from poles and zeros

vector of variable names to be plotted (inconsistent
names ignored)

vector of control names to be plotted (inconsistent
names ignored)

number of degrees of freedom to be plotted; maximum 7
number of controls to be plotted; maximum 19
frequency steps per decade
exponent (base 10) of beginning frequency
exponent (base 10) of end frequency

(maximum NF= (NF1PLT NFOPLT) * NDPLT+1 = 151)

magnitude plot scale: if 1, plot relative maximum
value; if 2, plot relative 10**K; if 3, plot relative 10,

Time history printer-plot

control input type: 1 for step, 2 for impulse, 3 for
cosine impulse, 4 for sine doublet, 5 for square impulse,
6 for square doublet

period T for impulse or doublet (sec)

time step (sec)

maximum time (sec); maximum NXPLT*NVPLT*TMAPLT/DTPLT = 7200
nunber of degrees of freedom to be plotted; maximum 7
number of controls to be plotted; maximum 19

vector of variable names to be plotted [inconsistent
names ignored)

vector of control names to be plotted (4inconsistent
names ignored)

Rms gust response

real vector of gust correlation lengths: GT 0.,
dimensional length L (~¢. = L/2V); EQ 0., set L = 400.;
LT 0., magnitude is dimensionless correlation time 'EG
(frequency L =Q./'=G)

real vector of gust componert relative magnitudes

MG = number of gust components, maximum 3
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NLSTAB

NAMEXA(MACC) vector nf names of degrees of freedom for which
acceleration calculated; last 3 equal ACCB for body
axis acceleration (all 3 or none) (inconsistent names

ignored)

FREQA(MACC) vector of acceleration break frequencies (Hz); 2/rev
used if LT 0.; same order as NAMEXA

MACC number of accelerometers; 1E O for none; maximum 10

location of point at which body axis acceleration
calculated (ft or m)

FSACC fuselage station
BLACC butt line
WLACC waterline

Numerical integration of transient

TSTEP time step in numerical integraticn (sec)

TMAX maximum time in numerical integration (sec)

NPRNTT integer parameter nt transient print every n-th
integration step; LE 0 to suppress

OFPPIOT integer parameter controlling printer plot of body
motion: EQ O to suppress

DOFPLT(21) integer vector designating variables to be plotted,

EQ 0 if not plotted; or@er:

e Bp Wi %y Ye %c."s %ép';’; i,-‘viF ';J‘ :‘;Fg‘:q}; ;;.\&; iF Yﬁ
OPTRAN see namellist NLTRAN
CTIME
CMAG(5)
GTIME
GMAG(3)
GDIST(2)
VELG
PSIG
0PGUST(3) v
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Degrees of freedom

PHIF
THT®
PSIF
XF
YF
ZF
PSIS

b

o
Ne
Xg
W
2
R

Control variables

iCC

1C1C
1C1S
2C0

2C1C
2C15
DELr
DELE
DELA
DELR

DELO
DELC
JELS
DELP
NELT
Gust
UG
VG
WG

Variable names for linear system analysis

rigid body

rotor speed

rotor #1

rotor 2

alrcraft

pilot

NLSTAB



NLSTAB

For the rotor control names, the leading character (1 or 2)
is replaced as fclilows, depending on the helicopter configuration

CONFIG = O blank (left justified)
1 Mor T
2 ForR
3 Rorl

For first order degrees of freedom the only state is the
velocity; hence it is the velocity that will be plotted
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ORIGINAL PAGE IS

“yn

Namelist NLTRAN RQUALITY

NPRNTT integer parameter n: transient/performance/loads print
every n-th integraticn step; LE O to suppress

NPRNTP integer parameter n~ontrolling performance print: LE O to
suppress

NFRNTL integer parameter controlling loads print: LE O to suppress

NRSTRT integer parameter n: restart file written only every n-th
integration step; LE O to suppress

TSTEP time step in numerical integration (sec)

TMAX maximum time in numerical integration (sec)

ITERT number of wake influence coe:'ficients/motion and forces
iterations

CPLMDA integer parameter controlling induced velocity calculation:
if 0, update influence coefficients and inflow; if 1, suppress
influence coefficient update; if 2, suppress inflow update
(and influence coefficient update)

DOF(7) integer vector defining degrees of freedom in numerical
integration; EQ 0 to suppress acceleration;
Order: ¢F' eF' va xF’ yFO ZF' \ps

CFSAS integer parameter controlling use of SAS: BEQ 0 to suppress

KCSAS lateral SAS gain, K, = - 3% c/bc#F (deg/deg)

KSSAS longitudinal SAS gain, K_ = ags/ 39, (deg/deg)

TCSAS lateral SAS lead time °r, (sec)

TSSAS longitudinal SAS lead time =z (sec)

OFFLOT integer parameter controlling printer plot of body motien:
EQ 0 to suppress

DOFFLT(21) integer vector designating variables to be plotted; EQ O for

not plotted; order:

o se B

v O Ve XeYr 26 ' ‘E’Fév’;’civ‘:yé?';’; e B Ve e G B
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NLTRAN
Transient gust and control

OPTRAN integer parameter specifying transient option; 1 for
control; 2 for uniform gust; 3 for convected gust
CTIME period T for control (sec)

CMAG(5, control magnitude 71;0 = (go éc &“ Sp St)T (deg)

defines cosinedpontrol transient with period T
and magnitude VP,

GTIME period T for uniform gust (sec)
GMAG(3) gust magnitude'ég = (uG Vo wG)T (ft/sec or m/sec)

defines cosine uniform gust transient with
period T and magnitude o

GDIST(2) lengths for convected gust (ft or m)
1% wavelength L

2) starting position Lo
VELG gust convection velocity Vg (ft/sec or m/sec)
PSIG azimuth angle of convected gust wave front \vé (deg)

OPGUST(3) integer parameters defining convected gust model

(1) " EQ O to not use v,
(2) rotcr #1: 0 for gust at hub, 1 for over disk
(3) rotor #2: O for gust at hub, 1 for over disk

defines cosine convected gust transient with
wavelength L and magnitude é;; for Lo = R the
wave starts at edge of rotor disk, for L = O,
the wave starts at hub -- assuming the agrcraft
center of gravity is directly below the hub;
convected at rate V_ relative to moving aircraft
if V_ is not used, Bt rate V_ relative to fixed
frame if Va is used g
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ORIGINAL PAGE IS
OF POOR OUVALITY

NLTRAN
Transient gust and control subroutines

The subroutine CONTRL calculates the transient control time
history, C(t). The subroutine GUSTU calculates the uniform
gust time history, G(t). The subroutine GUSTC calculates
the convected gust wave shape, G(x ). The subroutines
presently calculate a cosine-impulSe gust:

CONTRL C(t) = (1 - cos2mt/T)
GUSTU G{t) =31 - cos2mt/T)
GUS™C G(xg) = 4(1 - cos 2w(xg -Lo)/L )

Other transients may be use? by remlacing these subroutines
as required.
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Namelist Inputs for 01d Job (Restart)

Namelist NLTRIM
ANTYPE(3)
OPREAD(10)
DEBUG( 25)
NPRNTI

Namelist NLFLUT
ANTYF2(l)
NSYSAN

ﬁAMExa(3)

Namelist NLSTAB
CPPRNT(4)

KCSAS

KSSAS

TCSAS

TSSAS

EQTYPE(12)

ANTYPE(5)

NSYSAN

3IGUST(3)

Namelist NLTRAN
NPRNTT
NPRNTP
NFRNTL
NRSTRT
TMAX
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7.

ORIGINAL PAGE IS
YOTES ON PRINTED OUTRUT OF POOR QUALITY

Thic section presents notes on the printed output of the progranm,

particularly regarding the units of the variables appearing in the output,

Print of Performance (Program PERF)

Operating condition:

a) motion: 1st numoer imensionless, 2nd number dimensional
1) velocity = ft/sec or m/sec
2) dynamic pressure, q = lb/ft2 or N/m2
3) weight, cw/v- =1bor N
L) body motion = deg/sec, ft/s»c or m/sec
5) z = ft/sec2 or m/sec2
6) ¥, =rTpm
b) body orientation and contrcls in deg

Circulation convergence:

a) tolerance, CG/S in CT/V‘ form
®) G/E = ratio error to tolerance ( § 1. if converged)

Motlion convergence:

a) tolerance, BETA (etc) in deg
b) BETA/E (ete) = ratio error to tolerance (§ 1. if convergedi)

Arframe performance: section 4.2.6

a) aerodynamic loads: dimensional
b) components
1) angles in deg
2) 1loads, q dimensional
3) 1induced velocity, total velocity dimensionless

Gust velocity: dimenslonless

System power:

a) dimensional (HP); number in parentheses is percent total power
b) clinb power = V W
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System efficiency perameters:
a) gross weight, ¥ = 1b or N
2
b) drag-rotor = D = (P, +P,)/Vi D/q-rotor = D r/% ‘3
1/D-rotor = w/nr
c) drag-total = D

otal = Teotal/ ¥

L/D-total = w/nto a1

d) figuwe of merit=M=1 - P

. - = _1. T e
; D/g-total Dwtal/zss ;

non- ideal/ Pto tal

Print of Rotor Loads (Program iCADA1)
Print aerodynamics \fuactionr and )
a) dimensionless quantities ganerally, angles in degrees
b) induced velocity in nonrotatirg snaft axes (\x, <\, -\z)

y
¢) Anterference “nduced velocity is that due to other rotor
d) gust componenis i. ~elty axes
Force/, ey (dimensionless) 3
Lc =3 (c/ Cmea.n) =1/ " “nean
p/C =1U (c/cmea.n g = D/Cmean
= &t =
M/c 2V (c / "mean)cm M/ “mean

-1 -
w/c = 30/ Cpean)®radial = Dradial’ Smean

F2/C =CT/S = Fz/cmean = d(C,I,/v',/dr
FX/C =F x/cmean
MA/C =N /cm ean

FR/C - Fr/cmean
FRT/C = Fr/cmean



ORIGINAL PAGE IS
OF POOR QUALITY

Forces (dimensional)

L = sectlon iift (1v/ft or N/m)
D = section drag (1v/ft or N/m)
M = section pitch moment (£ft-1b/ft or m-N/=)
DR = section radial drag (1b/ft or N/m)
FZ =F, = dT/dr (1t/ft or N/m)
FX =F_ (1v,/ft or N/m)
MA =M (ft-1v/ft or m-N/m)
FR = F_ (1v/ft or N/m)
FRT = ?; {1b/ft or N/m)

Blade section power: section 5.2.1

CF/s = d(CP/v' )/ar
P section power {HF/ft or HP/m)

Print During Stability Derivative Calcula*ion (Program STABM)

a)
b)

<)

increment: 1st number diuensionless, 2nd number dimensional

motion and controls: st number dimensionless, 2nd number
di1- :nsional

1) angular velocity = deg/sec
2) 1linear velocity, gust velocity = ft/sec or n/sec
3) ¥, =rpm
. 2 2
L) Zp = ft/sec” or m/sec
5) controls = deg

generalized forces: moments and forces in ¥2C/g~a form
(rotor #1 parameters, body axes); torque in -3 CQ/v-a
form ‘rotor #1 parameters)

Print of Stability Derivatives (Program STABD)

Cptions:

a)
b)

N
c)

»*
rotor coefficient form, M X = ¥2C/e-a
stability derivative form, X (acceleration)

dimensionless or dimensional
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Dimensions:

a) force or moment

forces moments torque

M*X form %Nibﬂ.z/R -;-NIbnz NIbﬂz
X form re%: IS o
(FF) (FM) (FQ)

b) subscripts

acceleration (Z)

SR (FA)

angular velocity = 2
linear velocity = QR (Fv)
controls = 57.3
gust velocity = QIR (FV)

Print During Flight Dynamics Numerical Integration (Program STABF)
a) controls in deg

b) gust velocity: 1st number dimensionless, 2nd number
dimensional

¢} aircraft motion: 1st number dimensionless, 2nd number
dimensional

1) displacement = deg, ft or m
2) velocity = deg/sec, ft/sec or m/sec
%) acceleraiion = deg/secz. g
4) 1inertial axes = deg/sec, g

Print Transient Solution (Program TRANP)

a) controls in deg

b) gust velocity dimensional

c) aircraft motion: 1st number dimensionless, 2nd rumber
dimensional

1) disp'acement = deg, f1 or m
2) velocity = deg/sec, ft/sec or m/sec
3) ac ration = deg/secz. g
4) 1ine.tial axes = deg/sec, g
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d) generalized forces: moments and forces in ¥ 2C/e-a form
(rotor #1 parameters, body axes); torque in —KCQ/v-a
form (rotor # parametersg
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8. UNITS

The program will work with English or metric (SI) units for
input and output. Some of the input nmarameters and most of the internal
program parameters are dimensionless (based on the rotor radius, the
rotor rotational speed, and the air density). The units for input and
output parameters are based on the consistent mass-length-time system
(foot-slug-second or meter-kilogram-second), with the following
exceptions:

a) The aircraft gross weight is input in pounds or kilograms.

b) The aircraft velocity is input in knots for both systems

of units (alternatively the dimensionless speed can be input).

c) Power is output in horsepover for both systems of units.

The "dimensional"” output for angles is in degrees; the "dimensionless"”
form for angles is in radians.
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9. AIRFOIL TABLE FREPARATICN

This sectlion describes a program that constructs airfoil table
files in the form required by the rotor analysis. The program will also
print or printer-i; .t the airfoil data in the file being created or
in an existing file. The airfoil tables are constructed using either
analytical expressions or an airtoil table deck (in C81 format). The

subprogram functions and namelist input labels are summarized below.

Subprogram
Name
MAINTB Airfoil table preparation (main program)
AERCT Interpolate airfoil tables
AERCPP Printer-ploi airfoil aerodynamic characteristics
Namelist
Label
" ABL Table and print/plot data
NLCHAR Airfoil characteristics data

The structure of a job to run the airfoil table preparation program is
defined below. The basic structure consists of the following steps:
1) Airfoil file definition
2) Main program call
3) Title card
4) Namelist NLTABL
5) For each radial station (CPREAD # 0), either
a) Namelist NLCHAR (OPREAD = 1)
b) Airfoil table card deck (OPREAD = 2)
Sample jobs are presented below.

Create airfoil table using analytical expsessions.

NIEF FT4OFO01, ,AIRFOIL
CALL MAINPROG
title card
&NLTABL table data,NFAF=40,0PREAD=1,&%END
&NLCHAR airfoil characteristics data,&END
ZEND
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Create airfoil table using C81 format airfoll card deck

DDEF FTWOFO001,,AIRFOIL

CALL MAINPRCG

title card

'&NLTABL table data,NFAF=40,0PREAD=2,&END

alrfoll card deck

%END

Print and plot airfoil table data

DDEF F1%0F001,,AIRFOIL
CALL MAINPROG
blank card

&NLTABL output data,NFAF=40,0PREAD=0,&END
%;END

T! following pages described the input variables and data for
the airf. i1 table preparation program.

First Card
TITLE(2( ) title (80 characters); blank card for CPREAD EQ O

Namelist NLTABL

angle of attack boundaries

NAB number of boundaries, Na; maximum 20
NA(NAB) ‘1, ticies at boundaries,
A(NAB) o< at boundaries (deg, -180° to 180°)
Mach number boundaries
NMB number of boundaries, Nm; maximum 20
NA(NB) tndicies a+ boundaries, n,
M(NMB) "| at boundaries (0. to 1.)
radial segments
NRB number of segments, Nr: maximum 10
R(NRB+1) boundaries of segments (R(1)=0., R(NRB+1)=1.)

maximum NAB*NMB*NRB = 5000
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OPPRNT(3) integer parameter controlling output; EQ 0 to
suppress; default value is 1
(1) interpolate and print
(2) interpolate and plot
(3) 1ist tables

NMPRNT number of Mach number values for print and plot;
maximum 10

MPRNT( NMPRNT) Mach number values for print and plot

NAPRNT number of angle of attack values for print; maximum 60

APRNT(NAPRNT) angle of attack values (deg)

NFAF unit number for airfoil table file (default 40)

OPREAD integer parameter: EQ O to read airfoil table and

print data only; EQ 1 to create airfoil table using
analytical expressions, write airfoil file, and
print data (default); EQ 2 to create airfoil table
using C81 format airfoil card deck, write airfoil
file, and print data

Namelist NLCHAR (for each radial statior; if CPREAD = 1)

CLA a=oc atM=0 (per rad) (defaulc 5.7)

MDIV 1ift divergence Mach number M., (default .75)
~LMAX CRpay 4 M =0 (default 1.2)

FSTALL factor f_ for cg (default 0.5)

MSTALL Mach number M_ for cg  (default 0.4)

GSTALL factor g for stall c, (default 1.2)

HSTALL factor h_ for stall ‘g (default 0.4)

CLF cyy for s*all cg (default 1.12)

CMAC Cmg g (default 0.)

CMS Cng (defavlt -0.07)

DELO Y (defs . 0,0084)

DEL1 &1 (default -0.0102)

DEL?2 9 (default 0.384)

DCDIM dc,/dM (default 0.65)

MCRIT critical Mach number at ©4= 0 (default 0.83)
ACRIT critical Mach number zero at & = & .. (default 33.)
ALFD drag stall angle (deg) (default 1C.)

CIF cdy for stall cy (default 2.05)
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Airfoil Card Deck (for each radial station; if OPREAD = 2)

I. Header
a) Card 1, format (30A1,6I2)

title, 30 alphanumeric characters
NML, number of Mach number entries in cg table
NAL, number of angle of attack entries in cqy table
NMD, number of Mach number entries in c; table
NAD, number of angle of attack entries gn cq table
NMM, number of Mach number entries in ¢, table
NAM, number of angle of attack entries in Ch table
II. Lift Coefficient Table

b) Card 2, format 7X,9F7.0); 2 or more cards if NML > 10
Mach numbers M1 to MNML

¢) Card 3a, format (F?7.0,9F7.0)
angle of attack, &

1

11ft coefficlents ca.at M= M1 to MNML or M9
Card 3b, format (7X,9F7.0); 1 or more cards if NML 3 10

13ft coefficients o at M= MlO +o MNML

d) repeat card 3 for o= o, to e,

III. Drag Coefficient Table
e-g) format as or 1ift coefficient table

IV, Moment Coefficient Table
h-j) format as for 1ift coefficient table

V. Parameter Limits
a) M, = 0; data extraprlated for M > My,; Mach nunbers in
sequential order
b) o = -180°, <,
c) NM® 2, NA2 2 for 1ift, drag, and moment
a) (NM+1)(NA+1) & 501 for 1ift, 1101 for drag, 576 for morent

= 180°%; angles of attack in sequential order
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For OPREAD = 1, the program calculates representative airfoil

characteristics using the following expressions (refer to the

accompanying figures).

a/ J1-M2

A) Below stall

o - a(1-0)/((14, V12 )
a[(l-M)/((i'MdiV)“ 1-Maiv

(g, -a1)/ (1=, 1))

Cx = CQ"D(

c. = ¢
m Mac

(¢)
I

Ac,

M
c

B) Stall angle

= 8, + S0+ 8% + Ac,
max (0, dc, /M (M-M ) )

mnax (0, Mcrit (1- \“V“crit))

(1-M) + £ (M-H.)

T cgmax min Ql.

“S y ch / C!“

C) Stalled Jift (le¢1 > oX )

Bgwts ~ g

Co ~© sign{ex) max ‘;(gs"%' lMl)c”s M (‘“"“s)hsc’s

max (hscis' cgs Sin 2\@(\\]

cg = cgpsirze if

1oe\ > 15°



D) Stalled moment (jecl> o< )

¢, = sign(o<) (60- let} )cqg + (16} -ui).75cmi =] < go°
60- ¢
S
Sign(“) (90“ l“‘)-75cmf + (‘“\ ‘60)Cmf 'dl>6oo
30
CMf = - %cd(.‘ =90) = "%(cd(“ =°‘d)+cdf)

E) Stalled drag ( le! > o¢ &

ey = cylo¢ = o) + cge sin l=)- =3 90
90 - Nd

F) Reverse flow (let} > 90)
use effective angle of attack and account for moment axis shift

°<e = o =~ fy signe

= 1 i
c c, * (3 cos(>(e)cg + (3 sino‘e)cd
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N
N ac /oM
Mc AN Acy d
N\
N\
N
0 XCRIT 0 MC
« M
cgmax _—\
CQ fS cQ -
s max
A ]
0 M, 1.0
M
AT g sin 2 o
hs CQs ’-
g
11
0 Qg gyl 90
o

a. Lift and drag information

Fig. 1.- Airfoil Characteristics
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0 ag 60 90

Sm {«=90)=-% 4 (x =90)

alv/ 2
1-M w”}’\\
6, al~ — \/
o
..
...
L ] O]
0 Mdi\! Mdiv+0.1 1

b. Moment and 1ift curve slope

Fig. 1.- Concluded
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